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Abstract
In New Zealand, a new method of specific design, Verification Method 2 (C/VM2)
has been proposed to be used for fire safety compliance. Previous researchers
have investigated different fire parameters and their applications. However, there is
a lack of research effort in evacuation calculations and in this research the author
uses three different types of evacuation software to calculate the evacuation timings
for four different buildings. These buildings include a cinema complex, a four-storey
office building, a two-storey restaurant and a sport and recreation complex.
Furthermore, this work conducts evacuation analyses to test the applicability of these
evacuation tools. Simulex, FDS+Evac and EvacuatioNZ are the evacuation software
used and the simulation results are compared with the hydraulic model
recommended by C/VM2.
Through careful analyses of the escape routes, the hydraulic model can be used to
obtain evacuation times in a short timeframe. This calculation can be concise for a
simple geometry, but lengthy for complex buildings. However, the hand calculation
method has been found to be unsuitable in certain applications, for example
buildings with specific seating arrangements, different occupant groups etc.
FDS+Evac, in general, generates comparable evacuation times compared to the
hydraulic model.

As FDS+Evac has a good user interface, one can study the

evacuation process easily. However, the computation time for one simulation can be
relatively longer than with the other software tools. It was found that this tool is good
for complex evacuation situations where a merging or counter-flow situation arises.
Simulex, in general, generates faster evacuation times compared to the hydraulic
model. Nevertheless, the computation time to complete one run is not too long and
the evacuation process can be observed during and after the simulation. Finally, it
was discovered that Simulex is not designed for counter-flow evacuation scenarios.
EvacuatioNZ generates significantly longer evacuation timings in highly-congested
evacuation scenarios, although for single spaces it has comparable results to
hydraulic model. Some future work is required before this evacuation tool can be
used as a design tool.
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1. Introduction
Since 2006, the Department of Civil and Natural Resources Engineering, University
of Canterbury has been assisting the Department of Building and Housing (DBH) to
develop guidance for a revised New Zealand Building Code (NZBC) requirement to
comply with fire safety in New Zealand.

This proposal includes a revised New

Zealand Compliance Document C/AS1 (DBH 2010a) and a new method for specific
design, Verification Method 2 (C/VM2) (DBH 2010b).

The fire consultation for

C/VM2 was opened for public comment from September 2010, and closed for
submission in November 2010.
Even before the consultation process, field tests, including four different buildings,
were carried out using C/VM2 to demonstrate how the methodology can be applied
to fire safety compliance (DBH 2009). As a continuation of this field test, another
study on the sensitivity of design fires was conducted (DBH 2010c). In that latest
study, a suite of nine buildings were selected as representative of common buildings
in New Zealand to test the robustness of C/VM2. These nine buildings were firstly
accessed against the current Compliance Documents C/AS1 (DBH 2010a). Each of
these buildings posed different challenges to the fire design parameter analysis, and
a sensitivity study was conducted on the fire growth rate, species production and
tenability criteria (DBH 2010c).
1.1

Research Objective

Although extensive research has been carried out on the fire parameters (DBH
2010c; Lloydd 2008) and applications of C/VM2 (DBH 2009; Yip 2011), there is a
lack of research on the evacuation calculations. The evacuation calculations used in
the field tests were carried out using a hydraulic model as detailed by Gwynne and
Rosenbaum (2008). Owing to the relatively limited use of sophisticated evacuation
models in New Zealand, computer based evacuation models were not used in the
field testing.
Currently, there are a number of evacuation models available and used
internationally by fire engineers to evaluate buildings and compute the required
evacuation time for occupants to exit the buildings safely (Kuligowski & Milke 2004).
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Hence, there is no reason for a fire engineer not to select one of these models to
comply with the evacuation analysis required in C/VM2. Correspondingly, will the
results generated by these computer models differ drastically from the recommended
hydraulic model?
This question forms the primary objective of this research. The demonstration of the
fire safety compliance should be steadfast regardless of the selection of evacuation
model.

In this research, the author uses three different evacuation models to

calculate the evacuation timings for selected buildings listed in the field tests.
Evacuation parameters, for example occupant density, unimpeded travelling speed,
pre-movement time etc have been extracted from C/VM2 and Compliance
Documents. It is not an intention in this study to appraise the rationales and
values in the evacuation parameters.

Thus, the evacuation parameters are

applied consistently in these different software models.
Secondly, depending on the capability of the software models, sensitivity studies on
the input parameters have been conducted.

Thirdly, the calculated evacuation

timings are then compared against the evacuation times which have been calculated
from the previous study (DBH 2010c). If there is any large discrepancy, discussion
or recommendations can then be made. In this research, the evacuation analysis
from that DBH study is termed “Hand Calculation” for easy reference.
In summary, the objectives of this research are
1. To calculate the evacuation timings of different buildings using three different
evacuation models.
2. To conduct evacuation analyses to test the applicability of the evacuation
models.
3. To compare the results with evacuation timings calculated from hydraulic
model as outlined in Verification Method 2 (C/VM2).
1.2

Methodology

The methodology for this research is mainly computer simulations. Three different
types of evacuation software are used to simulate evacuation processes and hence
obtain the evacuation timings.

The selected models differ in their building
2

representation, behaviour characteristics of occupants, evacuation strategy and/or
algorithms etc as detailed in Chapter 3.
These three evacuation software tools are:
1. Simulex (version 13.0)
2. FDS-Evac (version 2.3.1, SVN Revision No.: 6977)
3. EvacuatioNZ (version 2.0)
As Simulex is well-established, this research focuses the evacuation analyses on the
other two software tools (FDS+Evac and EvacuatioNZ) that are still under
development. Evacuation timings computed through Simulex are used as additional
comparison data together with the Hand Calculation.
The buildings’ dimension, occupants number, escaping strategies and evacuation
times are extracted from DBH (2010c). The evacuation times calculated from three
evacuation software are compared with extracted evacuation times (or termed as
Hand Calculation). However, the comparison in this research is not performed to
demonstrate code compliance per-se. To show code compliance, one needs to
demonstrate that total evacuation time is shorter than the time for the building to
reach untenable conditions (more explanation can be found in Chapter 2). For
example, if this untenable condition is 200 s, total evacuation time generated by
software tool A, B and C are 90 s, 110 s, and 190 s respectively.

From code

compliance per-se, all three total evacuation times are satisfactory. However, if the
Hand Calculation has a value of 100 s, then more probes can be investigated, for
example, what is the percentage of difference, what constitute to this difference, is
there a trend for each software tool etc. This research attempts to provide answers
to some of these queries. Lastly, as the comparison is made with respect to Hand
Calculation, and not with experiment or empirical data, the assessment made will
have no absolute claims of quality or preference.
1.3

Outline of this Research

Chapter 2 presents a brief background of proposed Verification Method 2 (C/VM2)
and its recommendation on evacuation calculation.
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Chapter 3 gives a literature review for the three software models and the hydraulic
model.
Chapters 4 to 7 describe the detailed analysis carried out for the four buildings, the
Cinema Complex, the Four-storey Office Building, the Two-storey Restaurant and
the Sport and Recreation Complex.
Chapter 8 discusses the generic findings from the three software models and hand
calculation methodology and Chapter 9 concludes this research.
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2. Background
The proposed C/VM2 has been developed to provide concise and clear guidance in
performance based fire design to comply with New Zealand Building Code. In the
C/VM2 documentation (DBH 2010b), fire inputs such as fire scenarios and design
fires are specified as well as the pre-movement times for different groups of
occupants.

The tenability criteria for occupants are stated in a clause of the

proposed Building Code. Fire engineers have to demonstrate the adequacy of fire
safety provisions in the proposed building with up to ten fire scenarios. This chapter
outlines the contents stated in C/VM2 for the performance based fire safety design.
2.1

Fire Scenarios

Ten fire scenarios are suggested in C/VM2 to account for the fire safety in a building.
The details of these fire scenarios can be found in the DBH (2010b), and Table 2-1
gives a brief description of these ten fire scenarios.
Design Fire Scenario
Design Fire Scenario One
(Challenging Fire)

Design Fire Scenario Two
(Blocked Exit)
Design Fire Scenario Three
(Fire in Unoccupied Room)
Design Fire Scenario Four
(Concealed Space)
Design Fire Scenario Five
(Smouldering Fire)
Design Fire Scenario Six
(Spreads to Other Property)
Design Fire Scenario Seven
(Vertical External Fire Spread)
Design Fire Scenario Eight
(Interior Surface Finishes)
Design Fire Scenario Nine
(Fire Service Operations)
Design Fire Scenario Ten
(Robustness Check)

Brief Description
Occupancy-specific design fire within the
building that represents a credible worst case
scenario that will challenge all the fire
protection systems in the building.
A fire that blocks a primary escape route and
prevents occupants from using that route for
their egress.
A fire starts in an unoccupied room and may
threaten the occupants in adjacent spaces.
A fire starts in concealed space and may
threaten the occupants in adjacent rooms
A smouldering fire may threaten sleeping
occupants. This scenario is applicable to
buildings that house sleeping occupants.
A fire started within a building may spread to
neighbouring buildings by radiation.
A fire may be exposed to an external wall and
burn the facade. As a result, the fire may
spread vertically to higher levels.
A fire may spread to interior surface finishes
and jeopardise an escape route.
Facilitating fire fighting and rescue operations.
In the event of failure in key fire safety
systems, the building is assessed for the
consequences.

Table 2-1 Design Fire Scenario from C/VM2
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2.2

Acceptance Criteria

To avoid ambiguity, C/VM2 states the criteria for occupants, firefighters, and
structural fire performance that are applicable in the ten design fire scenarios. The
criteria for firefighters specify structural stability and tenability conditions that include
heat and smoke for firefighters operations, whereas structural fire performance
prevents the fire spreading to neighbouring buildings. For scenarios that involve
occupants’ egress, the criteria for occupant tenability can be classified into two
categories: simple and detailed criteria as detailed in Table 2-2. If the simple criteria
cannot be met, then the detailed criteria have to be fulfilled.
Simple
Criteria

Detailed
Criteria








Smoke layer height must not be less than 2 m above floor
level,
Upper layer temperature must not be higher than 200 oC.
Fractional Effective Dose (FED) for carbon monoxide (CO)
must not be greater than 0.3
Fractional Effective Dose (FED) for thermal effects) must not
be greater than 0.3
Visibility not less than 5 m for rooms ≤ 100 m2
Visibility not less than 10 m for rooms > 100 m2.

Table 2-2 Performance criteria for occupant tenability
2.3

Occupant Number

In the proposed C/VM2, the occupant number shall be determined from the occupant
density stated in New Zealand Compliance Document C/AS1 (DBH 2010a).
Table 2-3 shows some of the occupant densities extracted from C/AS1 that are
relevant to this research.
Activities / Locations
Day care centres
Dining, beverage and cafeteria spaces
Gymnasia
Kitchens
Offices and staffrooms
Reception areas
Restaurants, dining rooms and lounges

Occupant Densities
(User/m2)
0.25
0.8
0.35
0.1
0.1
0.1
0.9

Table 2-3 Occupant densities from C/AS1
2.4

Fire Modelling and Available Safe Egress Time (ASET)

In some of the fire scenarios stated in C/VM2, for example Design Fire Scenario
One, the fire engineer has to demonstrate that the available safe egress time (ASET)
6

is greater than the required safe egress time (RSET).

This means that the

occupants should have sufficient time to evacuate the building before they are
overcome by the effects of fire. ASET can be obtained from the fire calculation when
one of the human tenability criteria has been breached. As the C/VM2 does not
have an approval scheme for a fire calculation, the fire engineer has the freedom to
deploy a computer fire model or hand calculation methodology as long as the design
fire parameters have been used as stated in the C/VM2.

For example, the fire

calculation can be generated using zone models such as BRANZFIRE (Wade 2009)
or field models such as FDS (McGrattan et al. 2009).
2.5

Required Safe Egress Time (RSET) and Evacuation Time

Required safe egress time (RSET), in simple terms, is the required time for
occupants to evacuate the building safely.

In C/VM2, RSET should include fire

detection time, pre-movement time and movement time. It also states that the fire
detection time shall be determined from the deterministic modelling. The pre-travel
activities time depends on the building usage and location of occupants.

The

movement time, which includes queuing and travelling time, is recommended in
C/VM2 to be calculated from the hydraulic model.
Margin of safety is the difference between ASET and RSET. The Fire Engineering
Design Guide comments that the margin of safety could provide an additional level of
safety between the ASET and RSET (Spearpoint 2008). However, in C/VM2, there
is no explicit value for the “margin of safety”. In other words, the RSET can be equal
to or shorter than the ASET.
2.5.1 Pre-movement Time
In the proposed C/VM2 documentation, it states the pre-movement time comprises
alarm notification time and time from notification until evacuation begins. This premovement time is distinct for different group of occupants (DBH 2010b). These
timings are tabulated in Table 2-4. In that table, there are some differences in premovement times between buildings that have installed a voice alarm signal or a
standard alarm signal.

This classification is consistent with PD 7974-6 (British

Standards Institution 2004) and Purser’s study which concluded that occupants in a
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building with a voice alarm signal would react to emergency events faster than those
with a standard alarm signal (Purser 2010).
Pre-movement Time (s)
Voice Alarm
Standard Alarm
Signal
Signal
Buildings where the occupants are considered awake alert and familiar with the
building. For example offices, warehouse not open to the public, etc
Fire Cell of Origin
30
Remote from the Fire Cell of Origin
60
Buildings where the occupants are considered awake alert and unfamiliar with the
building. For example retail shops, exhibition space, restaurants, etc
Fire Cell of Origin
30
60
Remote from the Fire Cell of Origin
60
120
Buildings where the occupants are considered sleeping and familiar with the building.
For example sleeping residential, etc
Fire Cell of Origin
60
Remote from the Fire Cell of Origin
300
Buildings where the occupants are considered sleeping and unfamiliar with the
building. For example sleeping accommodation, etc
Fire Cell of Origin
60
Remote from the Fire Cell of Origin
300
600
Buildings where the occupants are considered awake and under the care of trained
staff. For example day care, dental office, clinic, etc
Fire Cell of Origin
60
Remote from the Fire Cell of Origin
120
Buildings where the occupants are considered to be asleep, under the care of trained
staff. For example hospitals and rest homes, etc
Room of Origin
180
Fire Cell of Origin
300
Remote from the Fire Cell of Origin
1800
Spaces which have only focused activities. For example cinemas, theatres, stadiums,
etc
Evacuation starts when fire reaches 500 kW
OR pre-movement time after detection
0
whichever is first.
Description of building use

Table 2-4 Pre-movement Time stated in C/VM2 (modified from (DBH 2010b))
2.6

Movement Time Calculation

The following sections give a brief description of the calculations used in the
hydraulic model (Gwynne & Rosenbaum 2008). For more illustrations of evacuation
calculations, readers can refer to Fire Engineering Design Guide (Spearpoint 2008)
or Klote and Hadjisophocleous (2008).
2.6.1 Travelling Speed
When the occupant density is less than 0.54 persons/m 2, occupants can walk
without any external interference and the maximum travelling speed can be
achieved, as tabulated in Table 2-5. However, when the occupant density increases
8

beyond 3.8 persons/m2, it becomes a standstill situation and the travelling speed will
be zero. Between 0.54 and 3.8 persons/m 2, it is assumed that the travelling speed
will be decreasing linearly, as shown in Figure 2-1.

Corridor,
door, ramp

0.54 people/m

Stairs:
165 mm X 330 mm
165 mm X 305 mm
178 mm X 279 mm
190 mm X 254 mm

2

Figure 2-1 Travelling Speed for Exit Route Elements
As a result, the speed of movement,

can be calculated via
Equation 2-1

where

= constant as stated in Table 2-5,
= 0.266,
= occupant density (people / m2).

The travelling time ,

can be calculated via
Equation 2-2

where

= sum of length and width of room

2.6.2 Specific Flow
The specific flow,

is defined as the flow of occupants passing through a particular

exit element (for example, door, corridor, stair) per unit of time per unit of effective
width,

of that exit element. It can be calculated by
Equation 2-3
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will be achieved at 1.9 persons/m2 (shown in

The maximum specific flow,

Figure 2-2) and the maximum specific flow for various exit route elements are listed
in Table 2-5.
Max. Speed
(m/s)

Max. Specific Flow,
(Persons/s/m of effective width)

1.40

1.19

1.3

1.00
1.08
1.16
1.23

0.85
0.95
1.00
1.05

0.94
1.01
1.09
1.16

Exit Route Element
Corridor, Aisle,
Ramp, Doorway
Staircase
Riser (mm) Tread (mm)
190
254
178
279
165
305
165
330

Table 2-5 Maximum Specific Flow for Exit Route Elements

Corridor,
door, ramp

Stairs:
165 mm X 330 mm
165 mm X 305 mm
178 mm X 279 mm
190 mm X 254 mm

1.9 people/m

2

Figure 2-2 Specific Flow for Exit Route Elements
Calculated flow,

passing an exit element will be
Equation 2-4

where

is the effective width of the exit element.

For an exit element of width

(m), the effective width

(m) is given by
Equation 2-5

where

(m) is the boundary layer, as stated in Table 2-6.
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Exit Route Element
Theatre chairs, stadium benches
Railings, handrails
Obstacles
Door, archways
Stairways – wall or side of tread
Corridor, Ramp walls
Wide concourse, passageway

Boundary Layer,
0
0.09
0.1
0.15
0.15
0.2
0.46

(m)

Table 2-6 Boundary Layer Width for Exit Route Elements
(Modified from Gwynne and Rosenbaum 2008)
The queuing time,

for a number of people,

to pass through

number of exit

element is given by:
Equation 2-6
Combining Equation 2-4 and Equation 2-5 into Equation 2-6, the queuing time will
then be
Equation 2-7
Although C/VM2 recommends the use of the hydraulic model, it puts a cap on the
maximum flow rate of occupants passing through a door constraint, and this deviates
from the default value stated in the hydraulic model.
The following computation shows the comparison of a 0.95 m and a 1.9 m wide door
using the default maximum specific flow door value of 1.3 persons/s/metre of
effective width, as shown in Table 2-5.
The maximum specific flow for door,

is

For a 0.95 m-wide exit door, using Equation 2-4, the calculated specific flow would
be,
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Similarly, for a 1.9 m wide door, the calculated specific flow rate would be,

In C/VM2, it states that for doors that are not mechanically held open, the maximum
flow is limited to 50 persons/min per door leaf. This matches well with the default
value of 50.7 persons/min. However for the wider door of 1.9 m, C/VM2 presumes
that it comprises two 0.95 m wide doors.

As a result, the specific flow is

100 persons/min (50 x 2) instead of a default value of 124.8 persons/min.

In other

words, there will be a difference of almost 25% for a 1.9 m wide door between the
specification in C/VM2 and default methodology.
2.6.3 Movement Time
In evacuation calculations stated in C/VM2, the occupants are typically assumed to
be evenly spread in the room. Hence the movement time is either governed by the
queuing time or the travel time to the exit door, whichever is longer. Furthermore, if
there is more than one exit in a room, the distribution of occupants to each exit is
equally divided.
As an illustration, for a 20 m by 10 m office with two 0.95 m wide exit doors, the time
required for 200 occupants to evacuate can be calculated as follows:
The speed of movement,

can be calculated as Equation 2-1

The time to travel from the room using Equation 2-2 will be
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Using Equation 2-6, the time to queue at the two 0.95 m wide exit doors will be

As a result, the movement time will be 2 minutes since
2.7

.

Selection of Buildings

For buildings with a large number of occupants, the combination of different premoment times, travelling speeds, merging and queuing phenomena make
evacuation calculation a challenging task for fire engineers.

In general, as the

number of occupants decreases, the evacuation duration will be shortened.
Eventually, with a low occupant density, the total evacuation time will be basically the
pre-movement time plus the travelling time of the most remote occupant in those
premises. Hence with the limited resources and to obtain an in-depth analysis for
this research, some priorities are made in the nine buildings used in the previous
DBH’s evacuation analysis. A brief description of these nine buildings used in DBH
(2010c) are tabulated in Table 2-7.
No
1

Type of Building
Nine-storey Apartment
Building

2

Large Warehouse

3

Industrial Facility

Brief Description
The brick and concrete building has retail space on the
ground floor, and Levels 1 to 9 have 7 residential
apartments. Each residential level consists of
a) one 2-bedroom apartment,
b) three 1-bedroom apartments, and
c) three studio apartments.
Assuming the bedroom to be double-bedded, this would
bring a total of 16 occupiers per level, and a total
residential population of 144.
The warehouse is a large steel framed structure
designed for storage purposes that contains three-metre
high rack storage. With a ceiling height of 6.5 m, it
houses an intermediate floor of 2.4 m height. It has two
exit doors for total occupants of 39 people.
The large steel framed factory building has a main office
attached next to it. The rack storage is 3 m high, with a
small space used as a laboratory, store, and
manufacturing area. The total occupant load is 92.
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4

Indoor Sports Facility

5

Single Level
Retirement House

6

Four-storey Office
Building with a single
means of escape

7

Sport and Recreation
Centre

8

Two-storey Restaurant

9

Cinema Complex

The multi-purposes building has a big sports hall with a
raised viewing area overlooking the sports hall and
squash courts. Other facilities include a lounge, a fitness
centre which is above ground level, changing rooms and
ancillary support rooms. High occupancy spaces such
as the sports hall, lounge and fitness centre have egress
directly to the outside and the foyer has two exits to the
outside. The maximum occupant load would be 868
occupants for the whole building.
The sleeping care retirement house contains two
hospitality wings and a management facility. The West
Wing consists of twelve apartments with ensuite and
lounge facilities. The East Wing consists of twelve
smaller bedrooms with common basic facilities such as
bathroom, treatment, spa bath, laundry and stores. The
main foyer contains the nurse station, reception, kitchen,
and dining area. There are four staff to take care of the
24 residents.
The building has four storeys with a single means of
escape that connects from ground level up. Each level
is an open plan office, and with a total capacity of 114
occupants.
The one-floor centre has an intermediate floor used as
viewing area that overlooks the large sports stadium.
Other facilities include a gymnasium, lounge, function
centre, changing sheds, squash courts, and ancillary
support rooms. There are direct exits for the stadium to
the open sports fields and surrounding roads. Although
it is unlikely to have fully capacity for all locations, the
maximum occupant load would be total occupants of 994
within the building.
The two-storey restaurant has a dining area, kitchen,
toilets and stores on the ground floor. The first level
consists of the dining area and a children’s playground.
The restaurant has an internal and external stairway,
with a full capacity of 191 occupants.
The cinema complex has five cinemas, candy store and
other auxiliary areas. It is a one storey building with a
raised foyer 2 m above ground level. The foyer will
connect to the five and each individual cinema has a
sloping floor that has tiered seating. Apart from the foyer
entrance, each cinema has egress directly to the outside
area. It is estimated that the building will have 823
occupants when fully occupied.

Table 2-7 Brief Description of Buildings
Firstly, for those buildings with low-density occupants, the evacuation analysis is not
as intricate or complex as for those with higher occupancy loads. Thus, they are not
selected for detailed analysis.

Secondly, for buildings with similar functions or

activities, one in the group is chosen for detailed analysis. In the current research,
only four buildings out of the nine have been selected as they posed different
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challenges to the evacuation calculations and processes. As a result, the final list of
candidates has been tabulated in Table 2-8, and these are,
1. Four-storey Office Building with a single means of escape
2. Sport and Recreation Centre
3. Two-storey Restaurant
4. Cinema Complex
No
1
2

Type of Building
Nine-storey
Apartment Building
Large Warehouse

3
4
5

6

7
8
9

Selection
No

Reasoning
Low occupancy rate.

No

Low occupancy rate

Industrial Facility

No

Low occupancy rate

Indoor Sports
Facility
Single Level
Retirement House

No

Similar to the Sport and Recreation Centre.

No

Four-storey Office
Building with a
single means of
escape
Sport and
Recreation Centre
Two-storey
Restaurant
Cinema Complex

Yes

Owing to the mobility of occupants, the
evacuation time is likely to be dominated by premovement time plus the travelling speed of
occupants.
The challenge will be the merging phenomenon
in doors leading to the staircase and in the
stairwell.

Yes
Yes
Yes

Different occupant activities and occupied in
different spaces in a large building.
Fire in one storey may pose evacuation
challenges to the occupants in the other storey.
Emerging flows may pose challenges to the
evacuation process.

Table 2-8 Selection of Buildings
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3. Literature Review
As mentioned in Chapter 1, the main objective of this research is to calculate
evacuation time using different evacuation tools. As a result, the literature review
focuses firstly on the components in the evacuation time, the pre-movement time
and travelling speed. Then the focus turns to the previous work that has used the
four different evacuation calculation methods, including the hand calculation. The
findings in these works are cited accordingly in the later part of this thesis.
3.1

RSET and Pre-movement Time

PD 7974-6 details that the time components in RSET should include fire detection
time, alarm time, pre-movement and travel time (British Standards Institution 2004).
This is shown in Figure 3-1.

Figure 3-1 Time components in ASET and RSET (Modified from PD 7974-6)
Pre-movement time is measured from the fire alarm time until the time that the
occupant starts to evacuate. This term is sometime called the pre-travel activity time
(Purser 2010), or pre-evacuation time (Spearpoint 2008).
Although RSET can include several time components, Purser and Bensilum (2001)
found that the total evacuation time contained two major components: pre-movement
time and movement or travelling time.

Similarly to previous works investigating

evacuation timing, the evacuation time coined in this research will include only these
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two time components: pre-movement and movement time (Chu & Sun 2006;
Spearpoint 2009).
The survey conducted by Tong and Canter (1985) indicated that there was a need to
incorporate a warning message into the building’s alarm system so that occupants
could have more information during an emergency.

The study by Purser and

Bensilum (2001) also showed that evacuation could be efficient in a building that has
well-trained staff and well-managed occupants who were familiar with the building
and alarm system. A recent study also found that voice alarms were more effective
to warn occupants who were unfamiliar with the building (Purser 2010). The premovement times were observed to be shorter in evacuations conducted in buildings
that had voice alarms systems compared to those buildings without voice alarms
systems.
3.1.1 Pre-movement Time in PD 7974-6
Prompted by previous findings, PD 7974-6 (British Standards Institution 2004) has
also categorised pre-movement times differentiated by management level, alarm
level and building complexity (as shown in Table 3-1) and the pre-movement times
are shown in Table 3-2. The pre-movement times have been suggested for the 1 st
and 99th percentiles for different types of occupancy. It also commented that the
trend of pre-movement time could be represented by a log-normal distribution,
although no further details such as mean and standard deviation were revealed.
M1 - occupants (staff and residents) should be trained to a high level of fire
Management
safety management
Level
M2 - similar to M1 but lower staff ratio and floor wardens not always present
M3 - basic management with minimum fire safety management
A1 - automatic detection throughout the building activating an immediate
general alarm to all occupants
Alarm Level A2 - automatic detection throughout the building providing a pre-alarm to
management or security with a manually activated general alarm
A3 - local automatic detection and alarm only near the location of the fire or
no automatic detection with a manually activated general alarm
B1 - simple rectangular single storey building with one or few enclosures and
a simple layout (e.g. simple supermarket)
Building
B2 - simple multi-enclosure (usually multi-storey) building and simple internal
complexity
layout (e.g. a simple multi-storey office block)
B3 - large complex building internal layout and enclosures involve often large
and complex spaces so that occupants may have wayfinding difficulties

Table 3-1 Different Categories of Management Level, Alarm Level and Building Complexity
(Modified from PD 7974-6)
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Scenario category and modifier
A: awake and familiar
M1 B1 – B2 A1 – A2
M2 B1 – B2 A1 – A2
M3 B1 – B2 A1 – A3
For B3, add 0.5 for wayfinding
M1 would normally require voice alarm/PA if unfamiliar visitors
likely to be present
B: awake and unfamiliar
M1 B1 A1 – A2
M2 B1 A1 – A2
M3 B1 A1 – A3
For B2 (Cinema, theater) add 0.2 for wayfinding.
For B3 add 1.0 for wayfinding
M1 would normally require voice alarm/PA
Ci: sleeping and familiar
(e.g. dwellings – individual occupancy)
M2 B1 A1
M3 B1 A3
For other units in block assume one hour
Cii: managed occupancy
(e.g. serviced apartments, halls of residence)
M1 B2 A1 – A2
M2 B2 A1 – A2
M3 B2 A1 – A3

First occupants
Δt pre (1st percentile)

Occupant distribution
Δt pre (99th percentile)a

0.5
1.0
>15

1.0
2
>15

0.5
1.0
>15

2
3
>15

5
10

5
>20

10
15
>20

20
25
>20

Ciii: sleeping and unfamiliar
(e.g. hotel, boarding house)
M1 B2 A1 – A2
15
15
M2 B2 A1 – A2
20
20
M3 B2 A1 – A3
>20
>20
For B3 add 1.0 for wayfinding
M1 would normally require voice alarm/PA
D: Medical care
Awake and Unfamiliar (e.g. day centre, clinic, surgery, dentist)
M1 B1 A1 – A2
0.5
2
M2 B1 A1 – A2
1.0
3
M3 B1 A1 – A3
>15
>15
For B2 add 1.0 for wayfinding. For B3 add 1.0 for wayfinding
M1 would normally require voice alarm/PA
Sleeping and Unfamiliar (e.g. hospital ward, nursing home, old
peoples’ home)
M1 B2 A1 – A2
5b
10b
b
M2 B2 A1 – A2
10
20b
M3 B2 A1 – A3
>10b
>20b
For B3 add 1.0 for wayfinding
M1 would normally require voice alarm/PA
E: Transportation. (e.g. railway, bus station or airport)
Awake and Unfamiliar
M1 B3 A1 – A2
1.5
4
M2 B3 A1 – A2
2.0
5
M3 B3 A1 – A3
>15
>15
M1 and M2 would normally require voice alarm/PA
a
total pre-movement time = Δt pre (1st percentile) + Δt pre (99th percentile) . Figures with greater levels of uncertainty are
italicized.
b
these times depend upon the presence of sufficient staff to assist evacuation of handicapped occupants

Table 3-2 Pre-movement Time Suggested in PD 7974-6 (Taken from PD 7974-6)
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3.1.2 Representation of Pre-movement Time
Acknowledging that the occupants would react stochastically during an emergency
situation and it would be impractical to gather each individual’s pre-movement time,
researchers such as Bensilum and Purser (2002) pointed out this time component
could be described by a unimodal, positively skewed distribution, such as a normal,
log-normal or Weibull distribution. A monitored evacuation in a department shop
was used as an example, as shown in Figure 3-2. The figure showed the frequency
against the pre-movement time and a theoretical log-normal distribution.

At the

beginning of evacuation, there was a rapid increase in the number of occupants who
decided to move, which was then followed by a long tail where a minority delayed
their movement and incurred a long pre-movement time.

To account for this

statistical generation in pre-movement time, the researchers also suggested that the
simulation exercise had to be run several times, so that the mean of evacuation
times could be obtained.

Figure 3-2 Theoretical and Simulated Pre-movement Times
(Taken from Bensilum and Purser 2002)
In an attempt to study the effect of pre-movement time distributions on the overall
evacuation times, Spearpoint (2004) used a triangular distribution that was available
in Simulex for his research.

He found that queuing would dictate the overall

evacuation time if the pre-movement distribution was small. On the other hand, if the
pre-movement distribution was large, the travelling and queuing time components
would be trivial in comparison.
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In a separate study that has similar objectives to Spearpoint’s research, Chu and
Sun (2006) used a normal distribution embedded in GridFlow to represent the
distribution of the pre-movement time of individuals in a building. Using this normal
distribution function, they investigated the relationship of evacuation timing between
pre-movement time, occupants’ density and exit width of a building. They found that
in the situation of a long mean pre-movement time, the density of occupants and
building’s exit width would be irrelevant to the total evacuation time. Furthermore,
the evacuation time would follow the normal distribution with a constant delay or
deferral.

However, for a small distribution pre-movement time spread, the

evacuation time would be governed by the occupants’ density and building exit
width. They also observed that when pre-movement was assigned to explicit values
(in other words, simultaneous evacuation), the evacuation time would depend on
both the occupants’ density and the pre-movement time. These findings echoed the
conclusions that Spearpoint (2004) had made earlier.
3.2

Travelling Speed of Children

By analysing evacuation trials in childcare centres, Larusdottir and Dederichs (2010)
reported that the flows through doors and walking speeds were age-dependent and
these values differed significantly compared to adults’ data gathered from their
literature reviews. Although children walked more slowly on horizontal planes than
adults, they had a tendency to run during evacuation drills.

The researchers

observed that around 40% of children between 3-6 years of age and 5% of children
under 2, tended to run in the evacuation drills. The running speed was 1.14 m/s and
2.23 m/s for young (between 6 months and 2 years of age) and older children
(between 3 and 6 years of age) respectively. However, they also reported that the
average walking speed of young and older children was 0.52 m/s and 0.84 m/s
respectively.
In a separate research, Lord et al (2005) compiled 170 data points gathered from
two previous studies and observed that children (under 18 years of age) had an
average travelling speed of 0.88 m/s with a standard deviation of 0.25 m/s. From
these data, the minimum and maximum horizontal walking speeds were 0.28 m/s
and 1.8 m/s respectively. The distribution of children’s horizontal travelling speed is
shown in Figure 3-3.
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Figure 3-3 Travelling Speed of Children (Taken from Lord et al 2005)
3.3

Types of Evacuation Models

Kuligowski et al (2010) carried out a comprehensive review of 30 evacuation models.
The review categorised the models based on their differentiations such as modelling
methods, structure of models, occupant behaviour etc. The three software models
used in this study were under their review and the information for these models was
extracted and presented in Table 3-3.
From Table 3-3, it can be seen that the three models deviated from one another and
used different techniques to calculate the evacuation time. The following sections
explain each individual evacuation model briefly.
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Type
Structure of
Model

Modelling
Method

Occupant
behaviour
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Perspective
of Model

Simulex
Continuous Space System
Applies 2-D continuous space to the
floor plans of the structure, allowing the
occupants to walk from one point in
space to another throughout the
building.
Partial behaviour model
Mainly calculates occupant movement.
It also includes simulated behaviours
implicitly represented by pre-movement
time distributions among the occupants,
unique
occupant
characteristics,
overtaking abilities.
Implicit
Assigns certain response delays or
occupant characteristics that affect
movement throughout the evacuation

FDS-Evac
Continuous Space System
Applies 2-D continuous space to the
floor plans of the structure, allowing the
occupants to walk from one point in
space to another throughout the
building.
Partial behaviour model
Mainly calculates occupant movement.
It also includes simulated behaviours
implicitly represented by pre-movement
time distributions among the occupants,
unique
occupant
characteristics,
overtaking abilities.
Implicit
Assigns certain response delays or
occupant characteristics that affect
movement throughout the evacuation
Conditional (or Rule Based)
Assigns individual actions to a person
or group of occupants affected by
structural or environmental conditions
of the evacuation.
Probabilistic (P)
Represents that many of the rules are
stochastic.
Individual
Individual
It views occupants individually.
Its It views occupants individually.
Its
output tracks individuals’ positions output tracks individuals’ positions
throughout the evacuation.
throughout the evacuation.

EvacuatioNZ
Coarse Network Model
Divides the floor plan into rooms,
corridors, stair sections etc; the
occupants move from one room to
another
Behavioural model
Incorporates occupants performing
actions, in addition to movement
towards a specified exit. These models
can also incorporate decision-making
by occupants.
Implicit
Assigns certain response delays or
occupant characteristics that affect
movement throughout the evacuation
Conditional (or Rule Based)
Assigns individual actions to a person
or group of occupants affected by
structural or environmental conditions
of the evacuation.
Probabilistic (P)
Represents that many of the rules are
stochastic.
Individual
It views occupants individually.
Its
output tracks individuals’ positions
throughout the evacuation.
Global
It views the occupants as a mass of
people

Table 3-3 Overview of Three Evacuation Models (Taken from Kuligowski et al (2010))

3.4

Simulex

Simulex, a commercially available software tool, has been developed in the UK by
Integrated Environmental Systems (IES) since the 1990s (Thompson & Marchant
1995a, 1995b). The Simulex used in this research is standalone Version 13.0, and
there is another later version called VE-Pro Version 6.0 which was not available for
this research.
Simulex has been appraised as being well validated (Chow et al. 2011; Pan 2006)
and has been applied in single and multi-storey buildings to simulate evacuation for
a large number of people, for example airport arrival hall (Chow & Ng 2008), high
rise buildings (Tsai 2007a), hotel buildings (Kuligowski & Milke 2004) and lecture
theatres (Ko 2003). Different characteristics of occupants, such as travelling speed,
body size and pre-movement time can be entered into the model for evacuation
calculation. Simulex has three types of distribution functions inbuilt to generate premovement time and travelling speed: random, uniform and triangular to generate
distribution on these parameters, if necessary.
By representing human beings as three overlapping circles, the model can
differentiate among males, females and children by assigning different sizes to the
circles (Spearpoint 2004). The occupants in the model use a “Distance Map” to
determine their egress path. The default Distance Map will make use of the shortest
routes to exit the building. However, occupants can be assigned to alternative exits
by other Distance Maps that include pre-designated exits.
To facilitate the model setup, Simulex uses two-dimensional CAD drawings to define
the boundary of the building studied.

This import function will shorten the pre-

processing time; however, the user has to clean up the CAD drawings before
importing them. After importing the 2D plans from the CAD drawings, staircases or
links can be defined to connect different levels within the building.
As a partial behaviour model, the normal unimpeded speed of an occupant will
decrease if the occupants’ proximity to others increases (Spearpoint 2004). The
software can track an individual’s position throughout the evacuation, and the postprocessing interface allows the user to examine visually the egress paths and the
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locations of the bottleneck, if any. However, the software does not have the ability to
incorporate fire hazard data into the simulation.
Ko (2003) examined evacuation trials in an industrial site as well as a lecture theatre.
The evacuation results were compared with scenarios constructed for EvacuatioNZ
and Simulex.

It was reported that Simulex had a faster flow in the evacuation

scenarios studied.

As a result, Ko observed that Simulex had the shortest

evacuation timings compared to both the evacuation trials and the EvacuatioNZ
model. Finally, the study observed that EvacuatioNZ had a better match with the
evacuation times in the trials.
In a recent research to model a crowded arrival hall in an airport using Simulex and
buildingExodus, Chow et al (2011) noticed that in some of the Simulex simulations,
some occupants could not complete the evacuation and hence dragged the overall
evacuation time to an unrealistically long timing. To overcome this issue and make a
sensible comparison with buildingExodus, they had to adjust the total evacuation
times to the last occupant who managed to exit the building and disregard those left
behind.
A previous study conducted by Kuligowski and Milke (2004) on a hotel building using
Simulex and EXIT89, found that during simulations involving Simulex, some
occupants could get “stuck” between the links and “remained” in the simulation
indefinitely. To overcome this problem, the links had to be re-adjusted slightly and
the simulation had to be re-run.

The researchers commented that this limitation

hindered the simulation process. Nevertheless, it was found that Simulex results
were slower than those obtained from EXIT89.

That study also concluded that

Simulex has the capability to simulate different occupant types using distinct
parameters such as body sizes and travelling speeds.
3.5

FDS+EVAC

FDS+Evac, being developed by the VTT Technical Research Centre of Finland in
recent years, uses the same platform as the Fire Dynamic Simulator (FDS)
(Korhonen & Hostikka 2009) which is a fire calculation software tool. FDS+Evac is
an agent-based model and has the ability to account for the interactions between the
occupants and the hazards generated in a fire event. Thus, the evacuation model
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can be coupled to run with fire hazards generated by FDS. Furthermore, social and
individual behaviour can be incorporated in the model as well as the decision
makings that factor in familiarity with exits (Korhonen & Heliovaara 2011).
Owing to the fact that it is a newly-developed sub-model in FDS software using the
social model developed by Helbing et al (2002), there are limited publications and
validations available in the public domain. Surprisingly, for an on-going developing
software, the user guide was quite comprehensive and the forum hosted by the
developer was quite responsive to the technical questions posted online.

Most of

the model’s details can be extracted from the FDS+Evac User Guide (Korhonen &
Hostikka 2009), although a recent publication by Korhonen et al (2010) also provided
some insights into the model’s development and movement algorithms used. To
demonstrate the model’s capability, the researchers also computed the evacuation
results of three generic spaces and compared their results with other evacuation
models. For example, to investigate the specific flow of doors, a geometry was
setup with 100 occupants placed within the 5 m by 5 m space in front of an exit, as
shown in Figure 3-4.

Figure 3-4 Test Geometry for Doors (Taken from Korhonen & Hostikka (2009))
The specific flows for different door sizes were calculated and presented in
Figure 3-5.

In that figure, the door specific flow calculated from Simulex

(Version 11.1.3) was carried out by Pan (2006). Another set of data (denoted by
Simulex (Revised)) was carried out by Korhonen & Hostikka (2009) using a later
version of Simulex (Version 2009.1.0.3). In this revised Simulex simulation, the exit
has been defined at 2.5 m from the door line, as recommended by the Simulex User
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Guide. In that study, it showed that FDS+Evac could have a similar specific flow to
Simulex. It was observed that the older Simulex version produced a larger specific
door flow.

Figure 3-5 Specific Flow for Door (Modified from Korhonen & Hostikka (2009))
In the FDS+Evac User Guide, the researchers suggested that the mesh size in a
model should be rounded up to suit the door width, for example 0.25 m, 0.35 m,
0.5 m etc. In the “Model Validation” chapter of the users’ guide, Korhonen and
Hostikka used a 0.5 m mesh size for their investigations in a sports hall simulation
(Korhonen & Hostikka 2009). Their rationale for this mesh resolution was that it
would fit the door widths of 1.0 m, 1.5 m and 4.0 m in their model. The evacuation
timings were then compared with Simulex after a batch run of five simulations
computed for different evacuation scenarios using log-normal and uniform
distributions in pre-movement time.

It was found that the FDS+Evac model that

simulated the log-normal distributions (means 75 s with logarithm standard deviation
of 0.7) agreed well with Simulex. However, there were some discrepancies for the
normal distributions.
With the details from an evacuation experiment of a 7-storey office building in
Helsinki, Korhonen and Hostikka (2009) simulated the staircase that was the focus of
the experiment. The staircase was constructed in FDS+Evac using one of the three
possible features (CORR, EVSS and STRS function). The objective of that study
was to fine-tune two parameters – social force value, i and the speed reduction
factor for occupants descending a staircase for all the three staircase functions. The
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two former features (CORR and EVSS) required extensive user inputs on the
dimension and location of the staircase flights. On the other hand, the STRS
function, the latest feature in the staircase construction, utilised one single command
to define the stairwell with a speed reduction on the flight of stairs, and a normal
speed on the landings. It was found that the STRS function, using a social force of
0.3 and the speed reduction factor of ≥0.6, produced a good agreement with the
observations obtained from the evacuation experiment.
In the FDS+Evac User Guide, some limitations were highlighted, for example, the
model should not have a passageway narrower than 0.7 m as this will prevent
occupants from passing through. Furthermore, although an incline can be modelled
(using EVSS function), there has been no validation carried out on the speed
reduction factor for this function.
3.6

EvacuatioNZ

EvacuatioNZ, currently under development in the University of Canterbury, uses a
coarse network approach to separate the floor plan into nodes where occupants can
move from one node to other (Teo 2001). Nodes that represent the spaces in the
building are connected by a path. The characteristics of the node will include the
space size (length and width, or simply by area), whilst the connections will contain
characteristics of egress components such as doors or staircases and the distance
between two nodes. One or more “SAFE” nodes will signify the final egress where
occupants are considered as safe. An example that shows how an apartment can
be represented in nodes is shown in Figure 3-6.

Figure 3-6 Example of a Network Model
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All of this information in building geometry is being defined in a MAP file, one of the
six input files required to build a model in EvacuatioNZ. The other five files are
POPULATE, SIMULATION, SCENARIO, PERSON TYPE and EXIT BEHAVIOUR.
These input files can be classified into two types: physical aspects and behaviour
aspects. The first four files define the physical aspects of the model whilst the last
two define the occupants’ behaviour. Detail specifications, for example the exit path
for a particular group of occupants, can be made.

These files are written in

Extensible Mark-up Language (XML), and the user has to be familiar with the file
format in order to create the model correctly.

Tsai (2007a) provided a detailed

explanation on these six input files.
EvacuatioNZ uses Monte Carlo methods to generate spreads in evacuation time by
varying the distribution of the input data, such as occupants’ travelling speed, premovement time etc. It can utilise normal, log-normal, uniform, triangular or Weibull
distributions.

Through simplifying a building into different nodes, this method

provides good evacuation timing compared with hand calculation methods
(Spearpoint 2009). However, the shortcoming is that microscopic views or tracking
of individual occupants will not be possible in this network tool. As a result, probing
into a bottleneck in a building may not be straightforward.
In one of the earliest pieces of literature on the development of EvacuatioNZ, Teo
(2001) explained the mechanics of this evacuation tool, for example, the function of
SAFE node, random start feature etc.

She has assisted the development of

EvacuatioNZ by validating and testing some of the basic functions of EvacuatioNZ
such as the door queuing function and stair movement algorithm and found them to
be satisfactory. However, she raised concerns over the ambiguity in the definition on
the inter-node distance as there could be at least three different ways to define internode distance as shown in Figure 3-7. The centre-to-centre (Figure 3-7a) would be
a good choice, but it would be inappropriate if the random start feature was initiated
as the starting node. The random start feature was to simulate the location of an
occupant where the maximum distance would be the sum of the length and the width
of a node. As a result, the distance from a starting node to the adjacent node should
be measured from the door onwards instead of the centre of the starting node.
Finally, she also recommended that the program should undergo further validations
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using calculation cases before it could be used as a design tool. Readers can refer
to this thesis for a more in-depth understanding of the software.

Figure 3-7 Three different ways of defining Inter-nodal distance (Taken from Teo 2001)
In a separate research by Tsai (2007b), a sensitivity study was analysed between
simple and complex node configuration for a 21-storey building. It showed that the
evacuation timings calculated from simple node configuration were similar to those
obtained from complex nodes configuration. Another advantage of this simplification
was that the computation times were reduced and simulation could be completed in
a relatively short timeframe even for complex buildings. Another benefit was that the
setup of the model would be less confusing and this minimised the possibility of
human error.

Nevertheless, in the conclusion notes in that study, Tsai

recommended further investigations would be required for connections settings for
nodes with large populations and long stairways.
In research analysing evacuations from two lecture theatres, Ko (2003) found that it
was necessary for EvacuatioNZ to develop further and include features to simulate
buildings with a theatre-seating configuration. As a continuation of that research, a
series of evacuation trials was carried out by Xiang (2007) to develop this theatreseating feature and have it incorporated into EvacuatioNZ. Spearpoint and Xiang
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(2011) then validated that theatre-seating feature by comparing EvacuatioNZ
calculations with several lecture theatre evacuation trials. EvacuatioNZ was able to
produce evacuation timings that were comparable to these trials.
3.7

Hydraulic Model

In the hydraulic model, the occupants are regarded as a uniform group rather than
as an individual. The movement of the group is considered as a homogenous flow,
and the building constraints such as doors and staircases are considered as
openings for the occupants to be discharged. It is also assumed that the occupants
will be at these constraints ready to exit at the time of evacuation, so that a
maximum flow through these constraints will be achieved (Kuligowski & Milke 2004).
As the maximum flow will be a function of the travelling speed of the occupants (as
indicated in Equation 2-3), the hydraulic model cannot handle mixed groups of
occupants that have distinct attributes within the evacuation calculations.
Furthermore, it is assumed that the occupants will not have the ability to make
decisions, and there will be no human interaction among the occupants with regards
to the emergency (Hadjisophocleous et al. 1997).
Schadschneider et al (2011) have classified hand calculation methodologies into two
broad categories, “dynamics” or “fixed” flow. The dynamic flow approach could be
further refined into “simple” or “complex” depending on the level of complexity in the
calculation.

The hydraulic model citied in the SFPE Handbook (Gwynne &

Rosenbaum 2008) was classified into a “dynamics” and “simple” approach as the
methodology depends on occupants’ density and generally has straightforward
calculations. Furthermore, this method could be used to track flows in different parts
of the building or at individual exit route elements, such as room, stair, corridor, door
etc.
From an evacuation trial in a 15-storey building, Rogsch et al (2010) computed and
compared evacuation times using ten different hand calculation models together with
four commercial software tools (ASERI, buildingExodus, PedGo and Simulex). They
found that the average value of the ten hand calculations agreed well with the trial
evacuation timing, as well as those obtained from software tools. Apart from the 15storey building, they also computed the evacuation timing of a hypothetical school
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using seven hand calculation models and two software tools (PedGo and Simulex).
They reported that the timings generated from software tools were found to be
comparable to those obtained from the hand calculation methods. Another positive
outcome from using the software tools was that the user could zoom into an
individual space to have a better understanding of the evacuation process, whilst
most hand calculation models could not reproduce such details. Nevertheless, they
also highlighted that the hand calculation methods were able to generate the results
in a short time-frame. Finally the researchers cautioned that the user has to be
competent in the hand calculation algorithms in order to obtain reasonable results.
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4. Case Study 1: Cinema Complex
The Cinema Complex is 54.8 m long, 31.2 m wide and 7 m high. It has five cinemas,
a candy store and other auxiliary areas. It is a one-storey building with a raised
Foyer of 2 m above ground level.

The Foyer has doors connected to the five

cinemas. Each cinema has a sloping floor that has tiered seating. Apart from the
Foyer entrance, each cinema has an exit door directly to the open area.

The

Cinema Complex is surrounded on all sides by roads or car parks. Each cinema and
the exitways which consist of Foyer and Lobby area are all separate fire cells to
comply with C/AS1. The floor plan of the Cinema Complex is shown in Figure 4-1.

Figure 4-1 Floor Plan of the Cinema Complex
The occupant numbers in the cinemas are restricted by the number of seats
available. For the candy store, the occupant density of 0.1 persons/m2 was used in
the DBH (2010c) report. When fully occupied, the Cinema Complex can have a
capacity of 823 occupants. The distribution of occupants is shown in Table 4-1.
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Level
Ground
Ground
Ground
Ground
Ground
Ground

Area
Density
(m2)
(person/m2)
Cinema 1
# of fixed seats
Cinema 2
# of fixed seats
Cinema 3
# of fixed seats
Cinema 4
# of fixed seats
Cinema 5
# of fixed seats
Candy Store
28
0.1
Total Occupants
Location

Number of
Occupants
234
202
134
124
126
3
823

Table 4-1 Number of Occupants in the Cinema Complex
4.1

Evacuation Strategy

Each individual cinema has two exits, with one exit directly out to the open, and the
other exit to the Foyer. Cinema 1 and Cinema 2 have 1.9 m wide exit doors whereas
the other three cinemas have 0.95 m wide exit doors. As the exit doors in a cinema
are of the same door width, half of the occupants in that cinema will use the exit door
to egress, and the other half will exit into the Foyer. The Foyer has two egress
paths, one to a 1.9 m wide exit door that leads the occupants to the open, and the
other will steer the occupants to the Lobby area. The width of the Lobby escape
path is about double that of the 1.9 m wide door exit. As a result, one third of the
occupants coming into the Foyer will use the 1.9 m wide door to exit, whilst two
thirds will head towards the Lobby area for escape. The Lobby has three 1.9 m wide
exit doors, and occupants heading toward the Lobby area will use these three exits
evenly. The escape routes are shown in Figure 4-2.

Figure 4-2 Escape Routes for the Cinema Complex
33

In the Compliance Document C/AS1, the minimum width of the aisle in each cinema
must be at least 1.1 m, and Table 4-2 shows that this requirement has been met for
the Cinema Complex.
Location
Cinema 1
Cinema 2
Cinema 3
Cinema 4
Cinema 5

Aisle Width (m)
1.5
1.25
1.5
1.2
1.5

Table 4-2 Aisle Widths in the Individual Cinemas
The occupants in the Cinema Complex are considered to be awake at the time of
evacuation. Although, they may not be familiar with the layout as it is a public
building, it is assumed that the staff will direct the occupants to the exit routes during
an emergency.
Because the cinema is considered to have a focused activity, the occupants in the
room where the fire originates will be able to realise quickly that it is a genuine
emergency when they perceive various fire cues such as smoke, flames and the fire
alarm. Hence, they will react faster than those occupants in other areas of the
Cinema Complex. In the DHB (2010c) report, the Cinema Complex was assumed to
have a voice alarm system. As a result, the pre-movement times for occupants in
the room of the fire’s origin and the other area were 0 and 60 s respectively, as
shown in Table 2-4.
4.2

Fire Scenarios

In the criteria described in C/VM2, only Cinema 1 was required to be investigated
with a fire scenario as it exceeded 200 m2 and had over 200 occupants.
4.2.1 Evacuation Time Calculation
The evacuation time calculations were carried out in the DBH (2010c) report and the
following calculations were extracted.
In Cinema 1 that housed 234 occupants, the bottleneck would form at the two 1.9 m
wide exit doors. The queuing time was calculated as 70 s ([234 / 2] / [100 / 60])
bearing in mind that the door specific flow was 100 persons per minute. Similarly in
Cinema 2 that had 202 occupants, the queuing would occur at the two 1.9 m wide
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doors, and the movement time was 61 s ([202 / 2] / [100 / 60]). In Cinema 3 that
housed 134 occupants, the queuing time calculated was 81 s ([134 / 2] / [50 / 60]) as
the 0.95 m wide door has a specific flow of 50 persons per minute. Likewise in
Cinema 4 that accommodated 124 occupants, the queuing time was 75 s
([124 / 2] / [50 / 60]). In Cinema 5 with 126 occupants, the movement time was
equivalent to the queuing time of 76 s ([126 / 2] / [50 / 60]).
The total number of occupants escaping towards the Foyer was 410 as this was half
of the total number of occupants housed in the five cinemas. The movement time of
occupants escaping through the Foyer using the 1.9 m wide exit door was assessed
to be the sum of two time components: a travelling time of 19 s, and a queuing time
of 82 s ([410 / 3] / [100 / 60]). The movement time towards the Lobby would include
two

time

components:

queuing

time

at

the

Lobby

corridor

of

82

s

([410 x 2 / 3] / [2 x 100 / 60]) plus travelling time of 42 s (including descending the
staircase at the Lobby area). The calculated evacuation times are shown in
Table 4-3.

Level

Location

Ground
Ground
Ground
Ground
Ground
Ground
Ground

Cinema 1
Cinema 2
Cinema 3
Cinema 4
Cinema 5
Foyer
Lobby

Premovement
0
60
60
60
60
60
60

Time (s)
Movement
Time
70
61
81
75
76
101
124

Evacuation
Time
70
121
141
135
136
161
184

Table 4-3 Evacuation Times for the Cinema Complex
4.3

Evacuation Analysis

As the escape routes within the Cinema Complex were not too complicated, the
evacuation analysis was carried out exploring the capability of individual evacuation
software as detailed in the following sections.
4.3.1 FDS+Evac
The Cinema Complex was constructed using notepad editor. The podium and slope
in the complex were constructed using the EVSS function. The speed reduction
factor for both ascending and descending of the slope was chosen arbitrarily as 0.5.
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The doors to the Foyer were defined using HOLE function, and the whole complex
was defined within one evacuation mesh. The spacing between the rows is at least
0.7 m as this is the minimum space for occupants to travel through in the FDS+Evac
model. Finally, occupants were populated in each cinema accordingly. Each set of
evacuation analysis was run for 100 simulations, and the results have been
consolidated. Appendix A-1 contains the input file for this FDS+Evac model. The
model geometry is shown in Figure 4-3.

Figure 4-3 FDS+Evac model for the Cinema Complex
4.3.1.1 Evacuation Scenario 1 - Algorithm and Mesh Size Evacuation Analysis
There are two types of meshes in FDS+Evac software, “Fire Mesh” that is used for
fire calculations, and “Evacuation Mesh” that contains the evacuation parameters. It
was recommended in FDS+Evac User Guide that for evacuation calculation without
fire effects (or put simply an evacuation drill scenario), the Fire Mesh could be turned
off to save some computational times (Korhonen and Hostikka 2009). To check on
the reliability of the evacuation algorithms, one set of evacuation analyses was run to
compare the evacuation timings between a model that has both Fire and Evacuation
Meshes and one without the Fire Mesh. The former was designated by Evacuation
Scenario 1A and the latter Evacuation Scenario 1B.
In FDS+Evac User Guide, Korhonen and Hostikka recommended the mesh size for
the evacuation model should be rounded up nicely to suit the door dimensions, for
example 250 mm, 350 mm, 500 mm etc. As a result, another set of evacuation
analyses was created to check on the differences in evacuation timings using
36

100 mm and 250 mm mesh size. For Evacuation Scenario 3A and 3B, both
scenarios were constructed using 250 mm mesh, whilst Evacuation Scenario 1C was
constructed with 100 mm mesh size. These three scenarios had 2.0 m wide doors.
4.3.1.2 Evacuation Scenario 2 - Seating Configurations Analysis
As a variation to Evacuation Scenario 1, Evacuation Scenario 2A was set up with a
reduced mesh size of 100 mm and 1.9 m wide doors. In Evacuation Scenario 2B, the
seating arrangements in cinemas were removed to investigate the consequences
between seating configuration and an open-area theatre configuration.
4.3.2 EvacuatioNZ
The model setup process for EvacuatioNZ can be generalised into the following
steps,
1) The rooms of the building are being segregated and represented by different
nodes,
2) The path or connection links up the different nodes. The distance between
the nodes are estimated, as cited in Section 3.6.
3) Safe node denotes the end of an escape route.
4) People characteristics are defined in PERSON TYPE,
5) The details of escape strategies including designated exit are defined in EXIT
BEHAVIOUR file.
6) The number of the simulation is defined in SIMULATION.
For steps 1 to 3, a new user interface, yEd (yWorks 2010) has been used. This
interface is a new development for EvacuatioNZ as it facilitates and shortens the
model setup process. A screen shot is shown in Figure 4-4.
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Figure 4-4 Screen Shot for yEd Software
The model constructed of the Cinema Complex was divided into seven individual
nodes. The five cinema nodes had one exit connected to the Foyer node, and one
exit to a “SAFE” node. The Foyer node was connected to a “SAFE” node and
another to the Lobby node. Finally, the Lobby node had three “SAFE” nodes for
occupants to exit the simulation.

The model is shown in Figure 4-5, and

Appendix B-1 contains the input files for this model. Each set of calculations had a
batch run of 100 simulations.
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Figure 4-5 EvacuatioNZ model for the Cinema Complex
4.3.2.1 Evacuation Scenario 3 - Specific Flow for Doors
In this set of evacuation analyses, the door specific flow was changed between the
default value as publicised in the hydraulic model and the value suggested by C/VM2,
as discussed in Section 2.6.2 and summarised in Table 4-4. Evacuation Scenario
3A is run with the maximum specific flow for doors as detailed in the hydraulic model,
and Evacuation Scenario 3B uses the maximum specific flow for doors as stated in
C/VM2.

Door Width
0.95 m wide exit door
1.9 m wide exit door

Maximum Specific Flow
(persons / min)
Evac. Scenario 3A –
Evac. Scenario 3B –
Hydraulic Model
C/VM2 specification
50.7
50
124.8
100

Table 4-4 Maximum Specific Flow for Doors
4.3.2.2 Evacuation Scenario 4 - Aisle Effect
In this set of evacuation analyses, the newly developed aisle feature developed by
Xiang (2007) was deployed to check its effect on the overall evacuation timing.
Evacuation Scenario 4A uses the dimensions of the cinema aisles that were taken
from the Cinema Complex plan, as detailed in Table 4-2.

As a comparison,

Evacuation Scenario 4B is run with narrower aisles of 0.8 m in all the cinemas.
39

4.3.3 Evacuation Scenario 5 - Simulex
In the Simulex model, the floor plan of the cinema has been tidied up before
importing into the software to outline the building geometry. For example, the rows
of seating were represented by lines instead of the rectangular blocks shown in
Figure 4-1.

The spacing between the rows was estimated to be around 1 m.

Furthermore, the door symbols and door lines have to be removed from the CAD file
or they would be interpreted by the software as obstacles along the escape routes.
Finally, the openings at the building boundary had to be created to represent the
location and width of the exit doors.
After importing the dxf file into the software, exits were then added to the model to
represent the final destinations of the evacuation simulation. Then, the occupants
using default “Commuters” characteristics were added to the model.

The

“Commuters” group was characterised by 50% male (speed of 1.35 ± 0.2 m/s), 40%
female (speed of 1.15 ± 0.2 m/s), and 10% children (speed of 0.90 ± 0.3 m /s). This
group of occupant characteristics was selected, although the travelling speed for
males was above the C/VM2 specification of 1.19 m/s. However, it was also noted
that for 50% of the commuters that included all the females and children, the
average speed was below the 1.19 m/s.
Instead of using the default nearest-exit distance map, different distance maps were
created to represent different escape routes for the various groups of cinema
occupants. The Simulex model is shown in Figure 4-6.
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Figure 4-6 Simulex model for the Cinema Complex
4.3.4 Matrix of the Evacuation Analysis
Based on the above parameters, a matrix of the evacuation analysis was formed.
This is summarised and shown in Table 4-5.
Evacuation
Scenario
1A
1B
1C
2A

Evacuation
Software
FDS+Evac
FDS+Evac
FDS+Evac
FDS+Evac

2B

FDS+Evac

3A

EvacuatioNZ

3B

EvacuatioNZ

4A

EvacuatioNZ

4B
5

EvacuatioNZ
Simulex

Descriptions of the Evacuation Analysis
250 mm Evacuation Mesh with Fire Mesh for 2.0 m Door
250 mm Evacuation Mesh without Fire Mesh for 2.0 m Door
100 mm Evacuation Mesh without Fire Mesh for 2.0 m Door
100 mm Evacuation Mesh without Fire Mesh for 1.9 m Door
100 mm Evacuation Mesh without Fire Mesh for 1.9 m
Door, and without seating configuration
Default Specific Flow for Doors
of 78 persons per minute per metre of effective width
Specific Flow for Doors in C/VM2
of 50 persons per minute per 0.95 m Door
Cinema aisles between 1.25 m and 1.5 m, provided by the
plan
Cinema aisles of 0.8 m
Default occupants settings as in “Commuters” grouping

Table 4-5 Matrix of the Evacuation Analysis
4.4

Results for the Evacuation Analysis

The following sections explain the observations obtained from the three evacuation
models.
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4.4.1 Results for Evacuation Scenarios 1A, 1B and 1C in the FDS+Evac Model
The means and standard deviations of the 100-simulations are presented in
Table 4-6. A bar chart was constructed and shown in Figure 4-7. The standard
deviation is represented by the error bar.

This bar chart contains the evacuation

times for occupants in Cinema 1 and Cinema 3. This is because the trend in Cinema
2 can be observed from Cinema 1, and Cinemas 4 and 5 from Cinema 3.

Figure 4-7 Evacuation Timings for Evacuation Scenarios 1A, 1B and 1C for the FDS+Evac
Model
It was observed that all the three scenarios simulated for 2.0 m wide door were very
similar, regardless of the mesh size with or without Fire Mesh. This set of analyses
increased the confidence level for the sequences run as it showed that the
evacuation runs could be run without the Fire Mesh. Furthermore, Scenario 1A with
Fire Mesh demanded higher computational power and had a longer calculation time
compared to Scenarios 1B and 1C which were simulated with Evacuation Mesh only.
This also indicated that the algorithms for evacuation were segregated from the
algorithms that run the fire calculations.
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Evacuation Time (s)
Evacuation Scenario 1A
Evacuation Scenario 1B Evacuation Scenario 1C
(250 mm Evac & Fire Mesh)
(250 mm Evac Mesh)
(100 mm Evac Mesh)
Hand
Calculation
Std Difference
Std Difference
Std Difference
Means
Means
Means
Dev
(%)
Dev
(%)
Dev
(%)

Location
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Cinema 1 Exit 1
(to open area)
Cinema 1 Exit 2
(to Foyer)
Cinema 2 Exit 1
(to open area)
Cinema 2 Exit 2
(to Foyer)
Cinema 3 Exit 1
(to open area)
Cinema 3 Exit 2
(to Foyer)
Cinema 4 Exit 1
(to open area)
Cinema 4 Exit 2
(to Foyer)
Cinema 5 Exit 1
(to open area)
Cinema 5 Exit 2
(to Foyer)
Foyer Exit
Lobby

70.6

2.9

0.9

70.6

3.0

0.8

73.0

3.2

4.3

92.3

3.3

31.9

91.9

3.2

31.2

92.2

4.0

31.7

133.0

2.5

9.9

132.8

2.9

9.8

137.6

3.0

13.7

144.8

2.7

19.6

144.0

2.9

19.0

140.2

2.6

15.9

127.6

2.9

-9.5

127.5

2.8

-9.6

126.6

2.5

-10.2

154.6

2.7

9.7

154.5

2.7

9.5

154.9

3.1

9.9

128.9

3.1

-4.5

129.0

3.0

-4.5

128.2

2.3

-5.0

141.0

2.6

4.4

141.6

2.5

4.9

142.2

3.0

5.3

129.2

3.5

-5.0

129.0

3.8

-5.2

129.0

3.8

-5.1

151.4

4.0

11.4

151.4

3.3

11.3

146.4

2.6

7.6

198.0
213.4

6.6
6.5

23.0
16.0

198.9
216.9

8.5
9.8

23.5
17.9

198.1
216.2

8.2
9.9

23.0
17.5

70

121

141

135

136
161
184

Table 4-6 Evacuation Timings for Evacuation Scenarios 1A, 1B and 1C for the FDS+Evac Model

4.4.2 Results for Evacuation Scenarios 2A and 2B in the FDS+Evac Model
The means and standard deviation of the 100-simulations are presented in
Table 4-7. A bar chart was constructed and shown in Figure 4-8. The standard
deviation is represented by the error bar.

This bar chart only contains the exit

timings for occupants in Cinema 1 and Cinema 3. Furthermore, Scenario 1C is
included in the bar chart for comparison.

Location

Cinema 1 Exit 1
(to open area)
Cinema 1 Exit 2
(to Foyer)
Cinema 2 Exit 1
(to open area)
Cinema 2 Exit 2
(to Foyer)
Cinema 3 Exit 1
(to open area)
Cinema 3 Exit 2
(to Foyer)
Cinema 4 Exit 1
(to open area)
Cinema 4 Exit 2
(to Foyer)
Cinema 5 Exit 1
(to open area)
Cinema 5 Exit 2
(to Foyer)
Foyer Exit
Lobby

Evacuation Time (s)
Evacuation Scenario 2A Evacuation Scenario 2B
(1.9 m Door with Seating) (1.9 m Door w/o Seating)
Hand
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
73.2

3.4

4.5

55.8

1.5

-20.3

92.4

3.5

31.9

55.6

1.4

-20.6

137.5

3.3

13.6

103.0

1.3

-14.9

140.1

2.3

15.8

120.0

2.0

-0.9

127.4

2.9

-9.7

123.8

2.6

-12.2

155.5

2.6

10.3

152.4

2.4

8.1

128.1

2.5

-5.1

121.1

2.7

-10.3

141.7

2.9

4.9

134.7

2.5

-0.2

129.3

3.3

-4.9

127.5

3.4

-6.2

146.4

2.4

7.7

143.1

2.2

5.2

197.9
215.4

9.4
10.2

22.9
17.1

190.8
207.5

5.7
6.7

18.5
12.8

70

121

141

135

136
161
184

Table 4-7 Evacuation Timings for Evacuation Scenarios 2A and 2B for the FDS+Evac Model
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Figure 4-8 Evacuation Timings for Evacuation Scenarios 2A and 2B for the FDS+Evac Model
It was observed that the overall evacuation timings did not vary much between
Scenarios 1C and 2A, although the two scenarios had different door sizes of 2 m and
1.9 m respectively. However, when the seating was taken out in Scenario 2B, the
evacuation timings were shortened quite significantly, especially for the large
cinemas. This observation indicated that seating configuration formed an important
factor in the evacuation time calculations.
4.4.3 Results for Evacuation Scenarios 3A and 3B in the EvacuatioNZ Model
The means and standard deviations of the 100-simulations are presented in
Table 4-8. A bar chart was constructed and shown in Figure 4-9. The standard
deviation is represented by the error bar. This bar chart only contains the evacuation
timings for occupants in Cinema 1 and Cinema 3, and the other three cinemas are
left out. This is because the trend in Cinema 2 will follow Cinema 1, but with a longer
pre-movement time. Cinema 3 is a good representation for the group of smaller
cinemas.
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Location

Cinema 1 Exit 1
(to open area)
Cinema 1 Exit 2
(to Foyer)
Cinema 2 Exit 1
(to open area)
Cinema 2 Exit 2
(to Foyer)
Cinema 3 Exit 1
(to open area)
Cinema 3 Exit 2
(to Foyer)
Cinema 4 Exit 1
(to open area)
Cinema 4 Exit 2
(to Foyer)
Cinema 5 Exit 1
(to open area)
Cinema 5 Exit 2
(to Foyer)
Foyer Exit
Lobby

Evacuation Time (s)
Evacuation Scenario 3A Evacuation Scenario 3B
(Default Specific Flow)
(Specific Flow in C/VM2)
Hand
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
66.1

1.9

-5.5

78.0

2.4

11.4

76.9

1.7

9.8

89.1

1.9

27.3

118.7

1.3

-1.9

129.0

1.7

6.6

127.0

1.8

4.9

137.4

1.8

13.5

140.2

2.0

-0.6

142.3

2.3

0.9

148.5

2.0

5.3

150.3

2.4

6.6

133.2

2.1

-1.3

134.6

2.4

-0.3

139.8

2.0

3.5

141.8

2.3

5.1

133.8

2.2

-1.6

136.3

2.0

0.3

140.5

1.9

3.3

142.9

2.2

5.1

183.4
187.5

1.6
1.9

13.9
1.9

196.4
193.7

1.6
2.0

22.0
5.3

70

121

141

135

136
161
184

Table 4-8 Evacuation Timings for Evacuation Scenarios 3A and 3B for the EvacuatioNZ Model
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Figure 4-9 Evacuation Timings for Evacuation Scenarios 3A and 3B for the EvacuatioNZ
Model
In Scenario 3A that was simulated with the default specific flow, it was observed that
the Cinema 1 Exit 1 where occupants exit to an open area was 6% shorter than that
obtained from the Hand Calculation. In Scenario 3B with door specific flow stated in
C/VM2, the evacuation time was 11.4% longer than the Hand Calculation. For
occupants that exit to Foyer using Exit 2, the evacuation timings were 9.8% and
27.3% longer for Scenarios 3A and 3B respectively.
In Cinema 3, it was observed that the evacuation timing for Exit 1 was very close to
the value calculated in the Hand Calculation for both Scenarios 1A and 1B. This was
because the specific flow rates of the 0.95 m wide exit door in both scenarios were
very similar compared to the C/VM2 value used in the Hand Calculation, as
explained in Section 2.6.2. However, for Cinema 1 and Cinema 2 that had 1.9 m
wide exit doors, the evacuation time of Exit 1 in Scenario 1A was shorter compared
to the Hand Calculation, whilst in Scenario 3B, they were up to 27% longer. To
recap, the specific flow rate for a 1.9 m wide door in the hydraulic model is 25%
higher than the one specified in C/VM2.
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The total evacuation time obtained for Scenario 3A was 22 s or 14% longer
compared to the Hand Calculation. For Scenario 3B, it was 10 s or 5% longer than
the Hand Calculation. In both scenarios, the occupants using the Lobby were the last
to exit the Cinema Complex.
In both Scenarios 3A and 3B, the evacuation times of occupants using Exit 1 were
closer to the evacuation times computed by the Hand Calculation than those using
Exit 2 for all five cinemas. The differences arise due to the method of defining the
distance between cinemas and foyer nodes. In the cinema node, the random start
feature was used to define the starting position of occupants randomly. As a result,
the path connection between the cinema node and the “SAFE” node was
represented by the thickness of an exit door of 0.2 m, which was trivial. However, to
move into the foyer node, occupants had to travel a longer distance (from the cinema
door to the centre of the Foyer).
For example, as shown in Figure 4-10, the path length between Cinema 1 and the
Foyer node was defined as 13.0 m. This is the actual distance for an occupant to
travel from the Cinema 1 exit door to the centre of the Foyer. As a result, this
definition “delayed” the actual time for the occupants to “exit” the cinema node using
Exit 2.

Travel
distance of
13.0m

Figure 4-10 Connection Path for Cinema 1
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4.4.4 Results for Evacuation Scenarios 4A and 4B in the EvacuatioNZ Model
The means and standard deviation of the 100-simulations are presented in
Table 4-9. A bar chart was constructed and shown in Figure 4-11. The standard
deviation is represented by the error bar. This bar chart outlines the evacuation
times for occupants in Cinema 1 and Cinema 3, and the other three cinemas are not
presented as the trend can be observed from these two cinemas. Evacuation times
from Scenario 3A (default specific flow) are included in the bar chart to serve as a
comparison.

Location

Cinema 1 Exit 1
(to open area)
Cinema 1 Exit 2
(to Foyer)
Cinema 2 Exit 1
(to open area)
Cinema 2 Exit 2
(to Foyer)
Cinema 3 Exit 1
(to open area)
Cinema 3 Exit 2
(to Foyer)
Cinema 4 Exit 1
(to open area)
Cinema 4 Exit 2
(to Foyer)
Cinema 5 Exit 1
(to open area)
Cinema 5 Exit 2
(to Foyer)
Foyer Exit
Lobby

Evacuation Time (s)
Evacuation Scenario 4A
Evacuation Scenario 4B
(Aisles of 1.25 m to 1.5 m)
(Aisles of 0.8 m)
Hand
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
69.4

1.7

-0.9

110.0

2.3

57.1

79.8

1.9

14.0

120.6

2.4

72.3

129.3

1.8

6.9

156.7

2.3

29.5

137.5

1.9

13.6

165.3

2.2

36.6

140.0

2.3

-0.7

139.8

2.3

-0.9

148.9

2.2

5.6

148.7

2.2

5.4

132.9

2.2

-1.6

133.4

1.9

-1.2

139.3

2.1

3.2

139.3

2.0

3.2

134.3

2.0

-1.3

134.1

2.0

-1.4

140.6

2.1

3.4

140.3

2.1

3.2

184.6
188.6

1.6
2.1

14.7
2.5

197.5
200.2

1.9
2.0

22.6
8.8

70

121

141

135

136
161
184

Table 4-9 Evacuation Timings for Evacuation Scenarios 4A and 4B for the EvacuatioNZ Model
In Scenario 4A that used aisle dimensions according to the building plan, it was
observed that the evacuation timings for all areas were slightly longer compared to
Scenario 3A in which cinemas were simulated without any seating arrangement.
However, if the aisles of the cinemas had been decreased to 0.8 m as simulated in
Scenario 4B, the evacuation timing increased quite significantly in Cinema 1 and
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Cinema 2 which had the 1.9 m wide exit doors. On the other hand, the evacuation
times were comparable for the smaller cinemas.
Spearpoint and Xiang (2011) explained that, by deploying the aisle feature, the
specific flow of that node would be limited by the narrower of the two parameters:
aisle or door width.

In Cinema 3, the effective door width was 0.65 m

(0.95 – 0.15 x 2), and this was narrower than the aisle’s effective width of 0.8 m (no
boundary layer was required for theatre chairs, as indicated in Table 2-6). As a
result, the evacuation times for smaller cinemas were similar between Scenarios 3A,
4A and 4B as the bottleneck was governed by the exit doors.

Figure 4-11 Evacuation Timings for Evacuation Scenarios 3A, 4A and 4B for the EvacuatioNZ
Model
4.4.5 Results for Evacuation Scenario 5 in Simulex
The comparisons between Simulex and the Hand Calculations are presented in
Table 4-10, and the bar chart is shown in Figure 4-12. This bar chart contains all the
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evacuation times for all occupants from Cinema 1 to Cinema 5, Foyer and Lobby
areas.

Location

Cinema 1 Exit 1
(to open area)
Cinema 1 Exit 2
(to Foyer)
Cinema 2 Exit 1
(to open area)
Cinema 2 Exit 2
(to Foyer)
Cinema 3 Exit 1
(to open area)
Cinema 3 Exit 2
(to Foyer)
Cinema 4 Exit 1
(to open area)
Cinema 4 Exit 2
(to Foyer)
Cinema 5 Exit 1
(to open area)
Cinema 5 Exit 2
(to Foyer)
Foyer Exit
Lobby

Evacuation Time (s)
Scenario 5
(Default Adult Speed)
Hand
Calculation
Difference
Means
(%)
80

14.3

84

20.0

139

14.9

137

13.2

108

-23.4

126

-10.6

106

-21.5

118

-12.6

107

-21.3

123

-9.6

152
172

-5.6
-6.5

70

121

141

135

136
161
184

Table 4-10 Evacuation Timings for Evacuation Scenario 5 for the Simulex Model
It was observed that Simulex had much shorter evacuation timings than the Hand
Calculations for all areas except the two large cinemas.

For the three small

cinemas, the Simulex model was 10.6% to 23% faster than the Hand Calculation.
However, there was a reversal of the trend in the large cinemas, the Simulex results
were 13% to 20% slower than the Hand Calculation. For the total evacuation timing
of the whole Cinema Complex, the Simulex result was 12 s or 6.5% faster than the
Hand Calculation.

51

Figure 4-12 Evacuation Timings for Evacuation Scenario 5 for the Simulex Model
4.5

Comparison of the Four Evacuation Models

Figure 4-13 consolidates the evacuation timings for EvacuatioNZ (Evacuation
Scenario 1B with the door specific flow stated in C/VM2), FDS+Evac (Evacuation
Scenario 4A with a 1.9 m Door 100 mm Evacuation Mesh), Simulex (Evacuation
Scenario 5 with default adult setting) and the Hand Calculation. These scenarios
were equivalent to or close to what was stated in C/VM2.
It was noted that Simulex had the fastest total evacuation timing among the four
models.

EvacuatioNZ had slightly longer total evacuation timing than the Hand

Calculation, and FDS+Evac had the longest evacuation timing.
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Figure 4-13 Evacuation Timings for the Four Evacuation Models
4.6

Discussion

In constructing the EvacuatioNZ model for this case study, the topic of a suitable
method of path length definition surfaced. Firstly, it was found that the door-tocentre method was conservative as it required the occupants to travel a longer
distance before they were considered out of the current node and into the next node.
Secondly, the exact location on the centre of the Foyer was also ambiguous. This
selection of the centre of the Foyer was complicated further by the fact that five
cinemas were connected to this particular node. Nevertheless, this door-to-centre
method was slightly conservative. The random start feature seemed to function well
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as the evidence revealed from those cinema exits that led occupants directly out to
the open areas.
The evacuation timings generated by FDS+Evac and EvacuatioNZ models in the
seating configuration scenario, were consistently longer compared to the Hand
Calculation. This implied that a building with a seating configuration would have a
significant impact on the evacuation timings, and seating arrangement should not be
ignored during the evacuation calculations. As the EvacuatioNZ model showed, the
evacuation timing would be longer if the width differences between exit door and
aisles were large.
In the FDS+Evac simulation, it was found that mesh sizes of 100 mm and 250 mm
did not constitute much difference to the evacuation timings. The slight change
between a 1.9 m and 2.0 m wide door size scenarios also generated trivial variations
in evacuation times. This might imply that these two mesh sizes were not very
critical in this set of evacuation calculations. However, to reduce any ambiguity in
fire safety compliances, it would be beneficial to have a fine resolution to match the
door width, provided that the computation power was not too demanding for the
simulations.
It was observed that the FDS+Evac model had generally longer evacuation timings
than the Hand Calculation. One of the contributing factors could be the presence of
the slope in the cinemas and at the Foyer exit. In the FDS+Evac model, the speed
reduction factor was specified for occupants descending or ascending the slope. In
this study, this factor was selected as 0.5 arbitrarily as there was no recommended
value offered by the developer. This speed factor of 0.5 seems to be conservative
compared to Fruin’s work cited by Gwynne and Rosenbaum (2008). It was reported
that ramp with a 20% upward slope could slow down the walking speed by a quarter.
Furthermore, the developer also asserted that this feature required further
validations to ascertain the speed reduction factor. Nevertheless, this slope effect
was disregarded in the other three models, as they did not have the ability to
estimate the effect of this element.
In the Simulex models, it was observed that the evacuation timings in small cinemas
were much faster than the Hand Calculation. This was similar with the observations
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noticed by Ko (2003) as the Simulex model had faster evacuation times in her study.
The faster evacuation times might be contributed to by a faster travelling speed from
the default adult setting in Simulex.
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5. Case Study 2: Four-storey Office Building
The office building is 27 m in length and 12 m wide. It has four storeys with a single
means of escape that connects from the Ground Level up. Each level is 3.2 m high
and designed as an open plan office. Level One to Level Three are identical. There
is a common lobby which houses the single stairway connecting to the above floors.
At each storey, there is a protected corridor in front of the stairway entrance. The
plan of the Ground Level and Level One are shown in Figure 5-1. To comply with
fire safety requirement in C/AS1, each storey is a separate firecell and the single
stairway is a safe path.

Figure 5-1 Ground Level and Level One of the Four-storey Office Building
Based on occupant density of 0.1 persons/m 2 for an office as explained in
Section 2.3, the Ground Level will house 27 staff whereas the offices in Levels One
to Three will house 29 staff each. When fully occupied, the offices will have a
capacity of 114 occupants. The distribution of occupants is shown in Table 5-1.
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Area
Density
Number of
(m2) (person/m2) Occupants
Ground Level
Ground Office
269
0.1
27
Level One
Level One Office
292
0.1
29
Level Two
Level Two Office
292
0.1
29
Level Three Level Three Office 292
0.1
29
Total Occupants
114
Level

Location

Table 5-1 Number of Occupants in the Office Building
5.1

Evacuation Strategy and Fire Scenarios

The occupants in the Office Building are considered to be awake at the time of the
emergency. Furthermore, they are familiar with the building layout and the only
escape path. It is assumed that trained fire wardens will assist others during the
evacuation and direct occupants to exit the building. Occupants in the room of the
fire origin will have a shorter pre-movement time as they will perceive various fire
cues such as smoke, flames and the fire alarm. Hence, they will react faster than
those occupants in other areas of the building. The Office Building is assumed from
the DBH (2010c) report to have a voice alarm system.
To exit the building, the occupants have to pass a doorway into the protected
corridor and then enter the staircase. The width of the staircase is 1.0 m, whilst the
entrance doors are 0.95 m wide.

Merging will occur in the staircase when the

occupants from the higher levels descend and meet the occupants from the lower
levels. The final exit is situated at the eastern side of the building, where occupants
have to travel through the Ground Lobby at the Ground Level.
5.1.1 Fire Scenario: Level One Fire
As Level One to Level Three are identical and have similar layouts, the fire scenario
was assumed to occur in Level One. It was assessed that under this fire scenario,
the combustion products released from the fire might enter the staircase and cause
injury to most occupants as they access the staircase to egress out of the building.
Thus, the pre-movement time for the occupants in Level One was 30 s after the fire
alarm was triggered by smoke detectors.

All the other occupants in the building

would start to evacuate after 60 s of pre-movement time.
The evacuation time calculations were carried out in the DBH (2010c) report and the
following calculations were extracted. For occupants in Level One to Level Three,
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the bottleneck took place in the staircase. Hence the queuing times were identical
for these three storeys. Assuming that the staircase that had the least specific flow
of 0.94 persons/s/m of effective width (from Table 2-5), the queuing time to pass
through the staircase can be determined by Equation 2-7. Therefore, the queuing
time worked out to be 44 s (29 / [0.94 x (1.0 - 0.15 x 2)]) for the 29 occupants
situated on a floor. In the Ground Office that accommodates 27 occupants, the
bottleneck occurred at the 0.95 m wide door, and the queuing time was 32 s
(27 / [50 / 60]) as the door specific flow was 50 persons per minute.
The movement time for the whole building at the Ground Lobby was calculated to
include four time components: time for the occupants in Level One to walk to
staircase (4.6 s), then to walk down the staircase from Level One (12.5 s), walk from
the lobby to the exit door (8 s) and the time for all 114 occupants to clear the 0.95 m
wide exit door (114 / [50 / 60] = 136.8 s). The total evacuation time was the sum of
30 s pre-movement time and the movement time, and this worked out to be 192 s.
The evacuation times for this fire scenario are shown in Table 5-2.

Level

Location

Ground Level
Ground Office
Level One
Level One Office
Level Two
Level Two Office
Level Three Level Three Office
Ground Level
Ground Lobby

Premovement
60
30
60
60
30

Time (s)
Movement
Time
32
44
44
44
162

Evacuation
Time
92
74
104
104
192

Table 5-2 Evacuation Times for the Fire Scenario at Level One
5.2

Evacuation Models

Three different models were constructed using FDS+Evac, EvacuatioNZ and
Simulex.
5.2.1 FDS+Evac
The FDS+Evac model of the Office Building was constructed using notepad editor
and each individual storey is an evacuation mesh.

Then the four storeys were

connected with a stairwell using the STRS function and the doors to the stairwell
were then defined with the final exit door of 0.95 m defined at the Ground Lobby.
Finally, the occupants were populated at each level accordingly.

Each set of

evacuation analyses was run for 100 simulations, and the results have been
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consolidated. The FDS+Evac model is shown in Figure 5-2. The FDS+Evac file can
be found in Appendix A-2.

Figure 5-2 The FDS+Evac model for the Office Building
5.2.2 EvacuatioNZ
The model constructed using EvacuatioNZ software could be divided into four
portions with similar node layouts. Level One to Level Three were identical. Each
portion consisted of an office area, a stairway corridor, and finally a stairwell where
the tread and riser dimensions were defined.

Information on the door width of

0.95 m was defined in the connection paths between office area, corridor and
staircase nodes. The model is shown in Figure 5-3. Each set of simulations had a
batch run of 100.

The inputs file for EvacuatioNZ model can be found in

Appendix B-2.
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Figure 5-3 The EvacuatioNZ model for the Office Building

5.2.3 Simulex
In the Simulex model, the floor plan of the office was cleaned up, and imported into
the software to outline the simulation boundary. Links were then added to the model
to connect the different storeys. The distance travelled along the staircase was
calculated as 10.2 m and a schematic is shown in Figure 5-4. For simplification, the
staircase was modelled as a straight staircase. Finally, the occupants were defined
as 50% male, and 50% female, whose unimpeded travel speed was fixed at
1.19 m/s. The model is shown in Figure 5-5.

Figure 5-4 Stairway Distance

Figure 5-5 The Simulex model for the Office Building
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5.3

Evacuation Analysis

As the geometry of the building was quite simple, the evacuation analysis was
created based on the ability of the individual evacuation software to model the
staircase flow.
5.3.1 Evacuation Scenario 1: FDS+Evac
In FDS+Evac User Guide, it is recommended that the speed reduction factor in a
stairway should be greater or equal to 0.60. However, from the Compliance Code
D1 on the common stairway, the building should have a minimum tread of 280 mm
and a maximum riser of 190 mm (DBH 2006). This is shown in Figure 5-6. This
requirement will mean the staircase specific flow has to be around 0.97 persons/s/m
of effective width, which is slightly more than the least specific flow obtained from the
190 mm risers and the 254-mm treads as shown in Table 2-5. With this specific
flow, the speed factor was about 0.75 (0.97 / 1.30 = 0.75) instead. Hence, for the
evacuation analysis for FDS+Evac, the speed factors of 0.60 and 0.75 were
investigated as Evacuation Scenarios 1A and 1B respectively.

Figure 5-6 NZ Regulation on Common Stairways
(Taken from Figure 11 of the DBH 2006)
5.3.2 Evacuation Scenario 2: EvacuatioNZ
In this set of evacuation analysis, the dimensions of tread and riser were altered to
achieve the minimum and maximum specific flow of the stairway, as stated in
Table 2-5. The longest evacuation timing would be generated by having 254-mm
treads and 190-mm risers in the staircase. This staircase configuration had the
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minimum specific flow rate of 0.94 persons/s/m of effective width, which was used in
the DBH analysis report (DBH 2010c). This set of calculations is called Evacuation
Scenario 2A.
On the other hand, the maximum specific flow, discharging occupants at the fastest
rate, would yield the shortest evacuation timing. To achieve this maximum flow of
1.16 persons/sec/m of effective width, the staircase had 330-mm treads and 165-mm
risers. This set of analyses is termed Evacuation Scenario 2B.
5.3.3 Evacuation Scenario 3: Simulex
The Simulex model had the default speed reduction in the staircase, and the result
served as a comparison with the other two software models and the Hand
Calculation.

Hence, there was no further evacuation analysis designed for this

software.
Based on the above parameters, a matrix of the evacuation analysis was formed.
This is shown in Table 5-3.
Evacuation
Scenario
1A
1B

Evacuation
Model
FDS+Evac
FDS+Evac

2A

EvacuatioNZ

2B

EvacuatioNZ

3

Simulex

Descriptions of the Evacuation Analysis
Speed Reduction Factor of 0.60 in Staircase
Speed Reduction Factor of 0.75 in Staircase
Minimum Specific Flow
using 254 mm-tread and 190 mm-riser
Maximum Specific Flow
using 330-mm-tread and 165-mm-riser
Default staircase speed reduction

Table 5-3 Matrix of the Evacuation Analysis for the Office Building
5.4

Results of the Evacuation Analysis

The following sections explain the observations obtained by the three evacuation
models.
5.4.1 Results for Evacuation Scenarios 1A and 1B for FDS+Evac
The evacuation timings of Scenarios 1A (0.60 speed factor in staircase) and 1B
(0.75 speed factor in staircase) are consolidated in Table 5-4 and a bar chart was
constructed in Figure 5-7. The standard deviation is represented by the error bar.
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Location

Ground Lobby
Ground Office
Level One Office
Level Two Office
Level Three Office

Evacuation Time (s)
Evacuation Scenario 1A Evacuation Scenario 1B
(0.60 Speed Factor)
(0.75 Speed Factor)
Hand
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
192
190.3
2.2
-0.9
179.0 2.0
-6.8
92
92.8
2.0
0.9
92.6
2.2
0.7
74
64.1
2.8
-13.4
64.4
2.4
-13.0
104
93.7
2.3
-9.9
93.8
2.3
-9.8
104
93.6
2.3
-10.0
94.2
2.6
-9.5

Table 5-4 Evacuation Timings for Evacuation Scenarios 1A and 1B for the FDS+Evac Model

Figure 5-7 Evacuation Timings for Evacuation Scenarios 1A and 1B for the FDS+Evac Model
At the Ground Office, the evacuation times were very similar for both the Hand
Calculation and FDS+Evac. However, the evacuation timings generated by
FDS+Evac were faster than the Hand Calculation for Level One to Level Three. This
was because in the Hand Calculation, the bottleneck was assessed to occur in the
staircase, whilst in the FDS+Evac model, the queuing occurred at the doors leading
to the staircase corridor for all three levels. By using the user interface provided by
Smokeview, one could observe the whole evacuation process easily in the
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FDS+Evac model. Thus, if the bottleneck had been at the corridor door instead of
the staircase as in the DBH analysis report (DBH 2010c), the evacuation time would
be shortened by 10 s for Level One to Level Three. These shortened evacuation
timings would then correlate well with the FDS-Evac results.
With the focus turned on to the Ground Lobby, it was found to have the longest
evacuation time within the building. When the speed factor of 0.60 was used, the
evacuation time was 2 s or 0.9% faster than the Hand Calculation. If the speed
factor was altered to 0.75, which allows faster descending of the staircase, the
FDS+Evac model was 13 s or 7% faster than the Hand Calculation.
5.4.2 Results for Evacuation Scenarios 2A and 2B for EvacuatioNZ
The means and standard deviations of the 100-simulations are presented in
Table 5-5. A bar chart was constructed and shown in Figure 5-8. The standard
deviation is represented by the error bar.

Location

Ground Lobby
Ground Office
Level One Office
Level Two Office
Level Three Office

Evacuation Time (s)
Evacuation Scenario 2A Evacuation Scenario 2B
(Minimum Specific Flow) (Maximum Specific Flow)
Hand
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
192
212.3 5.7
10.5
202.3
3.2
5.4
92
115.1 5.3
25.1
115.6
5.8
25.7
74
85.1
5.2
15.0
85.0
4.8
14.9
104
115.2 5.6
10.8
115.5
4.8
11.0
104
115.0 5.5
10.6
114.6
4.7
10.2

Table 5-5 Evacuation Timings for Evacuation Scenarios 2A and 2B for the EvacuatioNZ Model
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Figure 5-8 Evacuation Timings for Evacuation Scenarios 2A and 2B for the EvacuatioNZ
Model
In general, the EvacuatioNZ evacuation results were longer compared to the Hand
Calculation. The total evacuation time obtained for Scenario 2A (minimum specific
flow) was 20 s or 10.5% longer compared to the Hand Calculation. For Scenario 2B
(maximum specific flow), it was 10 s or 5% longer than the Hand Calculation.
For occupants in the Ground, Level Two and Level Three offices, the evacuation
times obtained from the EvacuatioNZ model were very similar although the Ground
Office has 27 occupants compared to 29 occupants in the other two levels. The
explanation for this similarity could be that the node dimensions were very similar. It
was observed that the evacuation timings to evacuate occupants in Level Two and
Level Three were around 10 s or 10% longer than the Hand Calculation. However,
this evacuation time difference increased to 25% for the Ground Office.
The maximum specific flow computed in Scenario 2A had a shorter total evacuation
time than Scenario 2B. The difference was 10 s or 5% difference between the
minimum and maximum specific flow scenarios. When the maximum specific flow in
the staircase was used, the evacuation time was 5% longer than the Hand
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Calculation.

On the other hand, if the minimum specific flow was used, the

evacuation time was about 10% longer than the Hand Calculation.
5.4.3 Result for Evacuation Scenario 3 in Simulex
The comparison between Simulex and the Hand Calculation is presented in
Table 5-6, and the bar chart is shown in Figure 5-9.

Location
Ground Lobby
Ground Office
Level One Office
Level Two Office
Level Three Office

Evacuation Time (s)
Difference
Hand
(%)
Simulex
Calculation
192
92
74
104
104

168
86
58
87
87

-12.5
-6.5
-21.6
-16.3
-16.3

Table 5-6 Evacuation Timings for Evacuation Scenario 3 using the Simulex Model

Figure 5-9 Evacuation Timings for Evacuation Scenario 3 using the Simulex Model

67

It was observed that Simulex had faster evacuation times than the Hand Calculation
for all areas. For the total evacuation time of the whole building in the Ground
Lobby, the Simulex result was 24 s or 12.5% faster than the Hand Calculation. For
individual levels, the Simulex results could be up to 16 s faster and in Level One
where the fire originated, the evacuation time was around 22% faster. At Level One
to Level Three, it was around 16% faster than the Hand Calculation. In the Ground
Office, the difference was about 6.5%. These results were obtained even though the
speed of occupants had been defined at 1.19 m/s.
5.5

Discussion

Figure 5-10 consolidated the evacuation timings for EvacuatioNZ (Evacuation
Scenario 1A with the minimum specific flow), FDS+Evac (Evacuation Scenario 2A
with a 0.60 speed factor), Simulex and the Hand Calculation. These three scenarios
were selected as they were similar to the conditions as stated in C/VM2.

Figure 5-10 Evacuation Timings for the Four Evacuation Models
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In general, Simulex had fastest evacuation times compared to the other three
models for all areas, although the speed of the occupants was standardised at
1.19 m/s for all models. In the EvacuatioNZ model with the staircase specific flow of
0.94 persons/sec/m of effective width, it generated evacuation timings longer than
the Hand Calculation for all areas.
The newly developed STRS feature in FDS+Evac was a relatively easy function to
define a stairwell compared to its predecessor functions (CORR and EVSS). The
latter were referred to as Type 1 and Type 2 staircases respectively, and STRS was
the Type 3 staircase as referred to in FDS+Evac User Guide. For the previous two
functions, each flight of stairs has to be defined separately, as well as the landings
dimensions. These two methods can be tedious and errors can arise easily even if
the building is only a couple of storeys high. Using the STRS function with a speed
reduction factor of 0.60 in the staircase, this FDS+Evac model has comparable
results in total evacuation timings (denoted as the Ground Lobby) compared to the
Hand Calculation.
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6. Case Study 3: Two-storey Restaurant
The Two-storey Restaurant is 18 m wide, 20 m long and 6 m high. On the Ground
Level, the restaurant has an indoor and outdoor dining area. Situated on the same
level, there are a kitchen, toilets and stores. Level One consists mainly of a dining
area and a children’s playground with additional toilet facilities. The floor plans of the
restaurant are shown in Figure 6-1.

Figure 6-1 Ground Level and Level One of the Two-storey Restaurant
Under single ownership, the restaurant is surrounded by drive through and car parks
on all sides. In other words, it is not near to any other boundaries. The occupant
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density for the kitchen and office area is 0.1 persons/m 2 and the playground
0.25 persons/m2 as detailed in Section 2.3. When fully occupied, the restaurant has
a capacity of 191 occupants. The distribution of occupants is shown in Table 6-1.
Area
(m2)
Ground
Lower Restaurant
100
Ground
Kitchen
139
Ground
Office
9
Level One
Playground
75
Level One Upper Restaurant
214
Total Occupants
* based on seating capacity
Level

Location

Density
(ppl/m2)
0.1
0.1
0.25
-

Number of
Occupants
60*
14
1
19
97*
191

Table 6-1 Number of Occupants in the Two-Storey Restaurant
6.1

Evacuation Strategy

The dining area at Ground Level has two exit doors for egress. One is the main
entry situated at the northern side of the restaurant, and the other on the eastern
side of the building. This eastern exit door can be used to access the outdoor dining
area. The kitchen staff will use the kitchen exit door located on the western side of
the restaurant. All the exit doors are 0.95 m wide.
The occupants in Level One can use either the internal or external staircase during
emergency evacuation. The widths of both staircases are 1.1 m.

The internal

staircase has an isolated lobby that acts as a fire-cell separation from the Ground
Level’s fire cell. The external staircase leads the occupants in Level One to the
outside directly.

Once the occupants reach the external staircase, they will be

considered safe. The escape routes are shown in Figure 6-2.
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Figure 6-2 Escape Routes for the Restaurant
In the DBH report (DBH 2010c), the occupants in the restaurant are considered to be
awake at the time of evacuation.

However, they may not be familiar with the

restaurant layout as it is a public building. It is assumed that the staff will assist in
the evacuation process and direct occupants to use the various escape routes.
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Occupants in the room of the fire origin will be able to realise quickly that there is an
emergency when they perceive various fire cues such as smoke, flames and the fire
alarm. Hence, they will react faster than those occupants in other areas of the
restaurant. The pre-movement time for occupants in the room of fire origin is 30 s,
whilst for occupants in all other areas 60 s. These pre-movements are stated in
Table 2-4. The restaurant is assumed to have a voice alarm system (DBH 2010c).
6.2

Fire Scenarios

There were two fire scenarios understudied with the fire occurring either at Ground
Level or the First Level of the restaurant. The following evacuation calculation has
been taken from the DBH (2010c).
6.2.1 Ground Level Fire
When the fire occurs at the Ground Level, the pre-movement time for the occupants
at this level would be 30 s after the fire alarm has been triggered by the detection
system. However, the office was considered as an enclosure away from the fire, as
a result, the occupant in the office would have a 60 s pre-movement time similar to
those in Level One.
The 60 occupants in the Ground Level dining area would split equally between the
two exits. As a result, the movement time was equivalent to the queuing time to
clear the 0.95 m wide door.

The queuing time was computed to be 36 s

([60 / 2] / [50 / 60]).
In Level One, the crowd of 110 dinners would spread equally between two escape
routes (the internal and external staircases). As the staircases are 1.1 m width, the
flows from the staircases are the governing factors for this egress.

Using

Equation 2-7, the queuing time was 77 s ([116 / 2] / [0.94 x (1.1 - 0.15 x 2)]).
In the playground, the bottleneck happened at the 0.95 m wide door. Thus, the
movement time computed for 19 occupants was 23 s (19 / [50 / 60]). The movement
time for the internal staircase was calculated as 96 s, which included the clearance
time of the staircase (77 s) plus travelling time in the staircase (13 s) and the lobby
(6 s). The evacuation time calculated is shown in Table 6-2.
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Level

Location

Ground
Lower Restaurant
Ground
Kitchen
Ground
Office
Level One
Playground
Level One Upper Restaurant
Ground
Internal S/C Exit
* based on walking speed

Premovement
30
30
60
60
60
60

Time (s)
Movement
Time
36
17*
21*
23
77
96

Evacuation Time
66
47
81
83
137
156

Table 6-2 Evacuation Times for the Ground Level Fire Scenario
6.2.2 Level One Fire
If the fire occurred at Level One, the occupants at this level would move after 30 s of
pre-movement time whilst the occupants at Ground Level would move after 60 s premovement time. However, the occupants in the playground would have a 60 s premovement time as the space was regarded as an enclosure isolated from the fire
origin. The evacuation time calculated for the fire scenario at Level One is shown in
Table 6-3.

Level

Location

Ground
Lower Restaurant
Ground
Kitchen/Office
Level One
Playground
Level One Upper Restaurant
Ground
Internal S/C Exit
* based on walking speed

Premovement
60
60
60
30
30

Time (s)
Movement
Time
36
21*
23
77
96

Evacuation Time
96
81
83
107
126

Table 6-3 Evacuation Times for the Level One Fire Scenario
6.3

Evacuation Analysis

The following sections detail the evacuation analysis carried out for the restaurant
building.
6.3.1 Evacuation Scenarios 1 & 2: Simulation with Children in the Playground
In the Hand Calculation, it was assumed that the occupants have an unimpeded
walking speed of 1.19 m/s. However, there was a playground in this restaurant, and
by definition, children would be present in that area. Hence, it was logical to assume
that the occupants in that space would have a slower travelling speed than adults.
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Unlike Evacuation Scenarios 1A and 2A that assumed all occupants had a walking
speed of 1.19 m/s, Evacuation Scenarios 1B and 2B assumed that the children in the
playground had an unimpeded speed of 0.84 m/s. This latter travelling speed was
computed by Larusdottir and Dederichs

(2010) based on their observations of

children between 3 to 6 years of age in previous evacuation trials.

Evacuation

Scenarios 1A and 1B simulated a Ground Level fire whilst Evacuation Scenarios 2A
and 2B simulated a Level One fire.
In the restaurant fire scenarios, it was assumed that the children of this age range
were old enough to find their way out during evacuation, and did not need any
additional guidance from their parents.

Furthermore, it was assumed that their

parents would not search for them in the playground, and the former would evacuate
out to their assigned escape routes. These assumptions were made because the
current three evacuation models under study as well as the Hand Calculation could
not undertake any social elements in their evacuation calculations.
6.3.2 Evacuation Scenario 3: Different Pre-movement times in the Playground
Under the previous assessment of the Level One Evacuation Scenarios 2A and 2B,
because the playground was deemed to be an isolated enclosure, the pre-movement
time for occupants in this area was different from that of the room of the fire origin.
As a result, although the fire happened in Level One, the occupants in the
playground had 60 s pre-movement time whereas the occupants in Level One
outside the playground had 30 s pre-movement time. In this set of evacuation
analyses (Evacuation Scenarios 3A and 3B), simulations were run to check on the
consequences of evacuation timing if the pre-movement time was standardised as
30 s for all occupants in Level One.

This scenario might be plausible if the

playground boundary was constructed of glass.

As a result, occupants might

respond faster as they could see the fire and smoke through the glass.
Based on the above parameters, a matrix of the evacuation analysis was formed.
This is shown in Table 6-4.
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Evacuation Room of the
Descriptions of the Evacuation Analysis
Scenario
Fire Origin
1A
Ground Level All adults with a travelling speed of 1.19 m/s
Children in the playground with a travelling speed of 0.84
1B
Ground Level
m/s
All adults with a travelling speed of 1.19 m/s,
2A
Level One
playground occupants have a 60 s pre-movement time
Children in the playground with travelling speed of 0.84
2B
Level One
m/s, with a 60-s pre-movement time
All adults with a travelling speed of 1.19 m/s,
3A
Level One
playground occupants have a 30 s pre-movement time
Children in the playground with a travelling speed of 0.84
3B
Level One
m/s, with a 30 s pre-movement time

Table 6-4 Matrix of the Evacuation Analysis
6.4

FDS+Evac Results

The restaurant boundaries were constructed using notepad editor. The two-storey
restaurant was then constructed using two evacuation meshes. Then the exit doors
were defined, and the staircase was constructed using the STRS function with a 0.60
speed reduction factor as recommended in the user manual. The occupants with an
unimpeded travelling speed of 1.19 m/s were then populated throughout the
restaurant. Each set of evacuation analyses was run for 100 simulations, and the
results have been consolidated. The FDS+Evac model is shown in Figure 6-3. The
FDS+Evac file can be found in Appendix A-3.

Figure 6-3 The FDS+Evac model for the Restaurant
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6.4.1 Simulation Problems encountered in FDS+Evac
After the simulation was set up, a trial run was executed. It was found that when a
group of occupants was defined too near to an exit door, there might be occasions
when one or two occupants were forced to use an exit that they were not assigned
to, as shown in Figure 6-4.

Figure 6-4 Unintended Exit in the FDS+Evac Model
As a result, the number of occupants using that particular exit would not match what
was assigned in the model setup. Although the simulation could run without error,
these incidents might cause problems during the data mining or the post-processing
stage. Therefore, to avoid this occurring, it would be beneficial not to define the
occupants too near to an exit.
6.4.2 Results for Evacuation Scenarios 1A and 1B
The means and standard deviation of the 100-simulations are presented in Table
6-5. A bar chart was constructed and shown in Figure 6-5. The standard deviation
is represented by the error bar.
In general, the FDS+Evac evacuation results were very close to what was obtained
from the Hand Calculation. For occupants at the Ground Level and the playground,
the evacuation times from the Hand Calculation were within the standard deviations
of FDS+Evac runs.
The total evacuation time obtained from FDS+Evac was 158 s compared to 156 s
from the Hand Calculation, for Scenario 1A that simulated adults with 1.19 m/s
unimpeded travelling speed. For both scenarios, occupants that evacuated through
the internal staircase route had the longest evacuation time in the whole restaurant.
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Location

Whole
Restaurant
Main Entry
(Ground Level)
Eastern Exit
(Ground Level)
Internal S/C Exit
(Ground Level)
External S/C Exit
(Level One)
Internal S/C Exit
(Level One)
Playground

Evacuation Time (s)
Evacuation Scenario 1A Evacuation Scenario 1B
(All Adults with 1.19 m/s) (Children in playground)
Hand
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
156

158.2

2.1

1.4

165.1

2.1

5.8

64.4

2.9

-2.4

64.1

2.3

-2.8

68.5

3.5

3.8

68.5

3.6

3.7

158.2

2.1

1.4

165.1

2.1

5.8

123.4

4.0

-9.9

124.2

3.6

-9.3

132.7

1.9

-3.1

133.9

2.1

-2.3

84.8

2.0

2.2

89.0

2.6

7.2

66

156

137
83

Table 6-5 Evacuation Timings for Evacuation Scenarios 1A and 1B for the FDS+Evac Model

Figure 6-5 Evacuation Timings for Evacuation Scenarios 1A and 1B for the FDS+Evac Model
In Scenario 1B that simulated children in the playground, the total evacuation time
was 7 s longer compared with Scenario 1A. This was a 4.4% increase in the total
evacuation timing. Within the playground, children took 4 s longer to travel out of the
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playground compound.

However, the time to evacuate Level One was just 1 s

longer in Scenario 1B compared to Scenario 1A with an all-adult scenario. The
plausible explanation was that queues had formed at both exits, and the time delay
contributed by the children was insignificant. However, it was observed that the time
to exit out of the internal staircase at Ground Level was longer by 7 s. The credible
explanation was that children, with a slower walking speed, took a longer time
descending the staircase.

Thus, this delayed the overall evacuation time in the

restaurant.
The evacuation times for FDS+Evac were around 10% faster at the External
Staircase Exit (Level One) compared to the Hand Calculation for both Scenarios 1A
and 1B. Thus, further investigation was carried out to study the possible reason for
this variation. It was deduced that this discrepancy arose from the interpretation of
the termination of the evacuation process for the models. In the FDS+Evac model,
the occupants were considered safe once they were out of the restaurant. As a
result, the termination point of the evacuation process was deemed to stop at the exit
door that leads to the external staircase. This assumption was made not only in the
FDS+Evac model, but also in the EvacuatioNZ and Simulex software models.
However, in the Hand Calculation, it was assessed that the choking point would
occur in the external staircase and not at the exit door. As a result, the staircase
flow rate was used to determine the egress time for occupants using that escape
route. In hindsight, these simulation models should include the staircase as it may
delay the clearance time at the exit door that leads to the external staircase.
Nevertheless, this oversight would not hamper the total evacuation time for
occupants to exit from the Level One restaurant. This is because the entrance and
staircase configuration of the external staircase are identical to the internal staircase,
and the latter would have a longer evacuation time compared to the former.
6.4.3 Results for Evacuation Scenarios 2A and 2B
The means and standard deviation for Evacuation Scenarios 2A and 2B are
presented in Table 6-6. A bar chart was constructed and shown in Figure 6-6. The
standard deviation is represented by the error bar.
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Location

Whole
Restaurant
Main Entry
(Ground Level)
Eastern Exit
(Ground Level)
Internal S/C Exit
(Ground Level)
External S/C Exit
(Level One)
Internal S/C Exit
(Level One)
Playground

Evacuation Time (s)
Evacuation Scenario 2A Evacuation Scenario 2B
(Adults in Playground
(Children in Playground
With a 60 s
With a 60 s
Hand
pre-movement time)
pre-movement time)
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
126

128.2

2.1

1.7

135.5

1.9

7.5

94.2

2.4

-1.9

94.0

2.3

-2.1

98.7

3.3

2.8

98.8

3.4

2.9

128.2

2.1

1.7

135.5

1.9

7.5

95.2

2.8

-11.0

98.9

3.4

-7.6

102.9

1.9

-3.9

104.0

1.7

-2.8

82.7

2.1

-0.3

86.7

2.1

4.5

96

126

107
83

Table 6-6 Evacuation Timings for Evacuation Scenarios 2A and 2B Using the FDS+Evac Model

Figure 6-6 Evacuation Timings for Evacuation Scenarios 2A and 2B Using the FDS+Evac
Model
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In general, the FDS+Evac evacuation results were comparable to what was obtained
from the Hand Calculation, except for the External Staircase Exit as explained in the
previous section. For both Scenarios 2A and 2B, occupants that evacuated through
the internal staircase route had the longest evacuation time for the whole restaurant.
In Scenario 2B that simulated children in the playground, the total evacuation time
was 7 s longer compared to Scenario 2A with an all-adult simulation. This translated
to a 5.4% increase in the total evacuation timing. Within the playground, children
took 4 s longer to travel out of the playground compound, which was similar to what
was obtained in the previous evacuation analysis.
6.4.4 Results for Evacuation Scenarios 3A and 3B
As this set of evacuation analyses has its focus on occupants in Level One,
Table 6-7 shows the evacuation timings for areas in Level One.

Shown in

Figure 6-7, the bar chart illustrates the evacuation timings for Evacuation Scenarios
3A and 3B as well as the Evacuation Scenarios of 2A and 2B for comparison. The
standard deviation is represented by the error bar.

Location

Internal S/C Exit
(Ground Level)
External S/C Exit
(Level One)
Internal S/C Exit
(Level One)
Playground

Evacuation Time (s)
Evacuation Scenario 3A Evacuation Scenario 3B
(Adults in Playground
(Children in Playground
With a 30 s
With a 30 s
Hand
pre-movement
time)
pre-movement
time)
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
126

128.5

2.1

2.0

135.2

1.8

7.3

93.5

3.5

-12.7

93.9

3.1

-12.3

102.8

1.8

-3.9

103.8

1.6

-3.0

55.0

2.2

-33.7

59.3

2.5

-28.5

107
83

Table 6-7 Evacuation Timings for Evacuation Scenarios 3A and 3B Using the FDS+Evac Model
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Figure 6-7 Evacuation Timings for Evacuation Scenarios 2A, 2B, 3A and 3B Using the
FDS+Evac Model
In the playground compound, it was logical to detect that the evacuation timings of
Evacuation Scenarios 3A and 3B would be around 30 s shorter than Evacuation
Scenarios 2A and 2B, as well as the Hand Calculation. This was because they had
the pre-movement time of 30 s similar to the rest of the occupants in Level One.
However, it was observed that the evacuation times for occupants to evacuate
Level One either through the Internal or External Staircase were almost identical in
Scenarios 3A and 3B compared to Scenarios 2A and 2B.
Using Smokeview, the user interface provided for the FDS+Evac model, to reanalyse Evacuation Scenarios 2A and 2B, it was found the queues at both exit doors
were not fully clear when the playground occupants, with the longer pre-movement
time of 60 s, started their evacuation. As a result, the playground occupants joined
in the backlog and queued for their turns at the Level One exit. This was the reason
for the similar evacuation results for these four evacuation scenarios. Therefore, in
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this evacuation analysis, the pre-movement time of occupants in the playground did
not have any effect on the overall evacuation time. However, if the occupants were
changed from adults to children, the total evacuation time increased marginally.
6.5

EvacuatioNZ

The model constructed through EvacuatioNZ software was divided into three
portions. Firstly, the kitchen and office areas had the western exit for occupants to
egress out of the building. Secondly, the dinner area at Ground Level was modelled
with two exit routes. Thirdly, the occupants at Level One were modelled as one
node that had two exit routes, one which led straight to the external staircase, while
the other led to the internal staircase and then to a safe exit. The model is shown in
Figure 6-8, and the inputs file for this model can be found in Appendix B-3. Each set
of simulations had a batch run of 100.

Main Entry
(Ground Level)

Kitchen Exit
(Ground Level)
Eastern Ext
(Ground Level)

External S/C Exit
(Level One)

Internal S/C Exit
(Ground Level)

Figure 6-8 EvacuatioNZ model for the Restaurant
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6.5.1 Results for Evacuation Scenarios 1A and 1B
The means and standard deviations of the simulations are presented in Table 6-8. A
bar chart was constructed and shown in Figure 6-9.

The standard deviation is

represented by the error bar.

Location

Whole
Restaurant
Main Entry
(Ground Level)
Eastern Exit
(Ground Level)
Internal S/C Exit
(Ground Level)
External S/C Exit
(Level One)
Internal S/C Exit
(Level One)

Evacuation Time (s)
Evacuation Scenario 1A Evacuation Scenario 1B
(All Adults with 1.19 m/s) (Children in playground)
Hand
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
156

165.9

2.9

6.3

167.6

1.7

7.5

71.8

2.2

8.7

72.3

2.0

9.5

72.1

2.0

9.3

72.4

2.1

9.7

165.9

2.9

6.3

167.6

1.7

7.5

135.0

2.6

-1.5

146.6

8.2

7.0

141.1

3.4

3.0

148.6

6.1

8.5

66

156

137

Table 6-8 Evacuation Timings for Evacuation Scenarios 1A and 1B Using the EvacuatioNZ
Model

Figure 6-9 Evacuation Timings for Evacuation Scenarios 1A and 1B Using the EvacuatioNZ
Model
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In general, the EvacuatioNZ evacuation results were slightly longer than the Hand
Calculation. The total evacuation time for Scenario 1A, based on occupants who
had an unimpeded walking speed of 1.19 m/s, was 166 s compared to 156 s from
the Hand Calculation. This meant that there was a 6.4% difference. Surprisingly,
although the External Staircase Exit in the EvacuatioNZ model did not take into
consideration the staircase configuration (as explained in Section 6.4.2), the
evacuation time was slightly shorter than the Hand Calculation by 2 s or 1.5%.
If children were simulated in the playground in Scenario 1B, the total evacuation time
was 1.6 s longer compared to the all-adults scenario. This was a 1% increase in the
total evacuation timing for those two evacuation scenarios. It was observed that the
standard deviations for the children’s scenario were about 6 to 8 s for both exits to
the internal and external staircases.

These two standard deviation values were

slightly wider than the all-adult scenario of 2 s. The explanation for this diversity was
that the furthest occupant in Scenario 1B could be an adult or a child as they were
distributed randomly. However, it was a bit puzzling as the queuing at the exit doors
should “smooth” out this spread. Strangely, the deviation on the Ground Level Exit
Door for the internal staircase was smoothed back to about 2 s and matched the alladults scenario.
For Ground Level occupants, the evacuation times were 6 s or 9% longer than those
obtained from the Hand Calculation. Like the FDS+Evac simulation, occupants that
took the internal staircase egress path took the longest time to evacuate the
restaurant.
6.5.2 Results for Evacuation Scenarios 2A and 2B
The means and standard deviations for Evacuation Scenarios 2A and 2B are
presented in Table 6-9. A bar chart was constructed and shown in Figure 6-10. The
standard deviation is represented by the error bar.
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Location

Whole
Restaurant
Main Entry
(Ground Level)
Eastern Exit
(Ground Level)
Internal S/C Exit
(Ground Level)
External S/C Exit
(Level One)
Internal S/C Exit
(Level One)

Evacuation Time (s)
Evacuation Scenario 2A Evacuation Scenario 2B
(Adults in Playground
(Children in Playground
with 60 s
with 60 s
Hand
pre-movement time)
pre-movement time)
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
126

139.3

2.7

10.5

153.4

7.3

21.7

102.2

2.3

6.4

102.6

1.8

6.9

102.0

2.2

6.3

102.1

2.2

6.3

139.3

2.7

10.5

153.4

7.3

21.7

126.7

6.9

18.4

143.7

11.2

34.3

127.4

5.9

19.0

145.3

9.3

35.8

96

126

107

Table 6-9 Evacuation Timings for Evacuation Scenarios 2A and 2B Using the EvacuatioNZ
Model
In the dining area at Ground Level, the all-adult occupants in Scenario 2A required
102 s to evacuate the area, compared to 96 s obtained from the Hand Calculation.
This was about a 6% difference.

However, in the Level One dining area, the

occupants required a longer period of 127 s compared to 107 s, which was around
19% longer. This difference was significantly longer compared to the Ground Level
differences. More discussion will be found in the next section where evacuation
timings for Scenarios 2A, 2B, 3A and 3B are presented.
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Figure 6-10 Evacuation Timings for Evacuation Scenarios 2A and 2B Using the EvacuatioNZ
Model
The total evacuation timing for the whole restaurant was 139 s, compared to 126 s in
the Hand Calculation. This timing was recorded from the last occupant that exited
through the internal staircase from Level One. In Scenario 2A (all adults simulation),
the total evacuation time was 14 s longer compared to Scenario 2B that simulated
children in the playground. This was a 10% increase in the total evacuation timing.
6.5.3 Results for Evacuation Scenarios 3A and 3B
Table 6-10 shows the evacuation timings for occupants in Level One for Evacuation
Scenarios 3A and 3B, and omits the dining area in the Ground Level.

This is

because the evacuation times for the Ground Level are similar to those presented in
Table 6-9. The bar chart shown in Figure 6-11 illustrates the evacuation timings for
Evacuation Scenarios 3A and 3B as well as Evacuation Scenarios 2A and 2B for
comparison. The standard deviation is represented by the error bar.
By having a pre-movement of 30 s, the evacuation analysis of Scenario 3A (all adults
with 1.19 m/s travelling speed) and Scenario 3B (occupants in the playground with a
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travelling speed of 0.84 m/s) generated evacuation results that were comparable to
the Hand Calculation. In general, Scenario 3B had slightly longer evacuation times
than Scenario 3A, which was logical as children travelled more slowly and delayed
the overall evacuation times.

Location

Internal S/C Exit
(Ground Level)
External S/C Exit
(Level One)
Internal S/C Exit
(Level One)

Evacuation Time (s)
Evacuation Scenario 3A Evacuation Scenario 3B
(Adults in Playground
(Children in Playground
with 30 s
with 30 s
Hand
pre-movement time)
pre-movement time)
Calculation
Std Difference
Std Difference
Means
Means
Dev
(%)
Dev
(%)
126

136.7

1.8

8.5

137.4

2.2

9.0

105.1

2.5

-1.8

116.4

7.8

8.8

111.9

2.6

4.6

118.3

5.7

10.6

107

Table 6-10 Evacuation Timings for Evacuation Scenarios 3A and 3B Using the EvacuatioNZ
Model

Figure 6-11 Evacuation Timings for Evacuation Scenarios 2A, 2B, 3A and 3B Using the
EvacuatioNZ Model
For occupants using the external staircase to exit from Level One, it was observed
that Scenario 2A was 21s longer than Scenario 3A, and Scenario 2B was 27s longer
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than Scenario 3B. To recap, the playground occupants in Scenario 2A and 2B had
60 s of pre-movement time whilst Scenario 3A and 3B had 30 s. On changing the
focus to the internal staircase exit, the difference was shortened to 15s and 27s for
the two sets of runs. This 20-plus-second difference indicated that the playground
occupants of the longer pre-movement time had lengthened the evacuation time to
exit Level One. On the contrary, this phenomenon was not observed in FDS+Evac
simulations.

Owing to the lack of a post-processor user interface for the

EvacuatioNZ model, further investigation on the rationale behind this trend was
difficult.
6.6

Simulex

In the Simulex model, the floor plan of the restaurant was cleaned up, and then
imported into the software to outline the restaurant boundary. The internal staircase
was modelled using the staircase function and links were added to connect the
staircase with the different levels. Similar to (Kuligowski & Milke 2004), the staircase
is modelled as a continuous staircase. Exit doors and finally, the occupants were
added to the model, which is shown in Figure 6-12. The adults were made up of
50% male and 50% female. Their unimpeded travelling speeds had been defined as
1.19 m/s. The characteristics of the children, if applicable, were set as default child
body size with an unimpeded travelling speed of 0.84 m/s. The simulation was run
once for every fire scenario.
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Figure 6-12 The Simulex model for the Restaurant
6.6.1 Simulation Problem encountered in Simulex
After the simulation had been set up, a trial run was executed. However, gridlocks
formed on both dining areas in Ground Level and Level One, as shown in
Figure 6-13.

Gridlock
formed

Gridlock
formed

Ground Level

b) Level One

Figure 6-13 Gridlocks formed in the Simulex model
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These gridlocks were formed as the two groups of occupants collided with one
another as they were moving to the exit door across the dining area. The occupants
were in deadlock and would not give way to the other party, while evacuation times
kept on increasing. As a result, the simulation had to be terminated. In order for the
simulation to progress without these gridlock situations occurring, a strategy was
taken to segregate the egress paths of the two groups of occupants. This was
carried out by distributing the evacuees nearer to the exit door instead of the whole
area, as shown in Figure 6-14.

Figure 6-14 Strategy deployed to avoid the Gridlock which formed in the Simulex model
6.6.2 Results for Evacuation Scenarios 1A and 1B
Table 6-11 shows the evacuation time for Evacuation Scenarios 1A and 1B together
with the Hand Calculation. A bar chart was constructed and shown in Figure 6-15.

Location

Whole
Restaurant
Main Entry
(Ground Level)
Eastern Exit
(Ground Level)
Internal S/C Exit
(Ground Level)
External S/C Exit
(Level One)
Internal S/C Exit
(Level One)
Playground

Evacuation Time (s)
Evacuation Scenario 1A Evacuation Scenario 1B
(All Adults with 1.19 m/s) (Children in playground)
Hand
Calculation
Difference
Difference
Means
Means
(%)
(%)
156

156

0.0

161

3.2

51

-22.7

51

-22.7

56

-15.2

56

-15.2

156

0.0

161

3.2

100

-27.0

103

-24.8

135

1.5

135

1.5

76

-8.4

77

-7.2

66

156

137
83

Table 6-11 Evacuation Timings for Evacuation Scenarios 1A and 1B for the Simulex Model
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Figure 6-15 Evacuation Timings for Evacuation Scenarios 1A and 1B for the Simulex Model
At the first look, the evacuation times obtained from Simulex were comparable to the
Hand Calculation. The total evacuation time from Scenario 1A with an unimpeded
walking speed of 1.19 m/s, was 156 s compared to 156 s from the Hand Calculation.
However, individual exit doors such as the playground and two exit doors in the
Ground Level dining area, have faster evacuation times compared to the Hand
Calculation. The differences could range from 8% to 25% faster. For the External
Staircase Exit, the Simulex models were up to 27% faster than the Hand Calculation.
However, this difference should be disregarded, as explained at the end of
Section 6.4.2.
6.6.3 Results for Evacuation Scenarios 2A, 2B, 3A and 3B
The evacuation times for fire scenarios at Level One for the four different sensitivity
runs are presented in Table 6-12.

A bar chart was constructed and shown in

Figure 6-16.
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Location
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Whole
Restaurant
Main Entry
(Ground Level)
Eastern Exit
(Ground Level)
Internal S/C Exit
(Ground Level)
External S/C Exit
(Level One)
Internal S/C Exit
(Level One)
Playground

Hand
Calculation

126

Evacuation Time (s)
Evacuation Scenario 2A Evacuation Scenario 2B Evacuation Scenario 3A Evacuation Scenario 3B
(Adults in Playground
(Children in Playground
(Adults in Playground
(Children in Playground
with 60 s
with 60 s
with 30 s
with 30 s
pre-movement time)
pre-movement time)
pre-movement time)
pre-movement time)
Difference
Difference
Difference
Difference
(%)
(%)
(%)
(%)
120

-4.8

123

-2.4

114

-9.5

122

-3.2

82

-14.6

82

-14.6

82

-14.6

82

-14.6

85

-11.5

85

-11.5

85

-11.5

85

-11.5

120

-4.8

123

-2.4

114

-9.5

122

-3.2

80

-25.2

85

-20.6

71

-33.6

71

-33.6

92

-14.0

97

-9.3

94

-12.1

96

-10.3

76

-8.4

78

-6.0

45

-45.8

48

-42.2

96

126

107
83

Table 6-12 Evacuation Timings for Evacuation Scenarios 2A, 2B, 3A and 3B for the Simulex Model

Figure 6-16 Evacuation Timings for Evacuation Scenarios 2A, 2B, 3A and 3B for the Simulex
Model
In general, the Simulex evacuation results were consistently faster than the Hand
Calculation. For the two exits at Ground Level, Simulex were 11% and 15% faster.
The greatest difference in evacuation times was found at the External Staircase Exit
at Level One, where Simulex was 25% faster for the all-adult scenario (Scenario 2A).
Finally, the total evacuation time in Scenario 2A where occupants had an unimpeded
walking speed of 1.19 m/s, was 120 s compared to 126 s from the Hand Calculation.
This would translate to 5% faster for the Simulex results.
It was also observed that while the evacuation times at Level One for the four
scenarios were quite similar for the internal staircase exit, their differences were
within 5 s. For the external staircase exit, the differences were within 14 s. Hence,

94

there were some indications that the longer pre-movement time in the playground did
not cause too much delay to the evacuation time for occupants to exit Level One.
6.7

Overall Comparison and Discussion

Figure 6-17 and Figure 6-18 show the overall evacuation results generated by the
four evacuation models for fire scenarios at Ground Level and Level One
respectively. The evacuation scenarios were taken from all-adults scenarios, which
were similar to the assumptions stated in Hand Calculation. In general, Simulex has
the fastest evacuation timings.

If the evacuation time comparison for External

Staircase Exit is ignored as explained at the end of Section 6.4.2, FDS+Evac has
comparable evacuation timings compared to the Hand Calculation, whilst
EvacuatioNZ has the longest among the four models.

Figure 6-17 Overall comparison of the four models for a Ground Level Fire Scenario
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Figure 6-18 Overall comparisons of the four models for a Level One Fire Scenario
It was found in the EvacuatioNZ model, the width of the staircase was not
considered as one of the inputs when modelling the staircase. Only the tread and
riser dimensions were required to define the staircase parameters.

In normal

buildings, in general, the flow into the staircase would be restricted by the door
entrance. However, in this restaurant, there was no “door” as it was a staircase
lobby. By being unable to define this width restriction, the model might discharge
more occupants into the staircase than the number calculated in the Hand
Calculation.

Although one could claim that the staircase lobby could have an

“invisible” door which had a similar width to that of the staircase, this was incorrect
too as the specific flow for the same width of door would be greater compared to the
same staircase width.

This could be seen from the specific flow of these two

elements in Table 2-5.
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Furthermore, in this case study, EvacuatioNZ also has an unexplained longer
evacuation time when two groups of different pre-movement times were defined in
the same node. Owing to the lack of a post-processor tool, it was difficult to pin-point
the possible reasons for this occurrence.
In the Simulex model, although the overall evacuation timings were comparable to
the Hand Calculation, the evacuation times for individual spaces were significantly
faster. It was shown in Pan’s thesis that Simulex could generate a significantly
higher specific flow (Pan 2006).
As disclosed at the end of Section 6.4.2 regarding the External Staircase Exit, users
have to be careful in determining the correct termination location for the evacuation
process. Although the occupants can be deemed to be safe when they are outside
the building, the immediate building elements (such as a staircase or narrow
corridor) that follow this exit may hinder and hold back the overall evacuation time.
Thus, the user may have to include that building element into the overall calculation.
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7. Case Study 4: Sport and Recreation Centre
The Sport and Recreation Centre is 61 m in length and 54 m wide. The single storey
centre has a raised viewing area that overlooks the large sports stadium. Other
facilities include a gymnasium, lounge, function centre, changing rooms, squash
courts, and ancillary support rooms. There are direct egress paths to the open sports
fields and surrounding roads for the three spaces - Stadium, Function Centre and
Sports Lounge. The plan of the Ground Level and Mezzanine Floor are shown in
Figure 7-1. To comply with fire safety in C/AS1, there are two separate fire cells with
a safe path corridor in between the two fire cells.

Figure 7-1 Ground Level and Mezzanine Floor of the Sport and Recreation Centre
Although it is unlikely to have fully capacity for all locations simultaneously, the
Sports Centre can host a total of 994 occupants. The occupant density (taken from
Section 2.3) and the distribution of occupants are shown in Table 7-1.
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Level

Location

Area
(m2)

Intermediate floor
107
seating
Ground
Stadium
887
Ground
Referee room
14
Ground
Gymnasium
87
Ground
Childcare
30
Ground
Manager’s office
15
Ground
Reception
24
Ground
Squash courts
195
Ground
Sports Lounge
246
Ground
Kitchen
75
Ground
Caterer’s office
13
Ground
Function Centre
334
Ground
Meeting room
36
Total Occupants
*Limited by C/AS1
Mezzanine

Density
(ppl/m2)

Number of
Occupants

-

100*

0.35
0.1
0.35
0.25
0.1
0.1
0.9
0.1
0.1
0.9
0.1

310
2
30
7
2
2
6
222
8
2
301
4
996

Table 7-1 Occupant Numbers in the Sport and Recreation Centre
7.1

Evacuation Strategy

The occupants in the centre are considered to be awake at the time of the
emergency.

As it is a public building, the occupants will be unfamiliar with the

building layout and the possible escape paths. It is assumed that the staff on the
premises will act as fire wardens to assist the public in the emergency and direct
them out of the centre. Occupants in the room of the fire origin will have a shorter
pre-movement time as they will perceive various fire cues such as smoke, flames
and the fire alarm. As a result, their reaction time will be faster than for occupants in
other areas. Occupants in the Stadium are assumed to be engaging in a focused
activity, whilst in the other areas, occupants will be alerted by the voice alarm system
during an emergency (DBH 2010c).
Figure 7-2 shows the egress paths for the different areas in the Sports Centre. For
the Mezzanine Floor, 50% of the occupants will use the northern staircase and
descend to the Ground Level before heading out through an exit towards the
northern side of the centre (marked by the Blue Arrow). Although the other 50% of
occupants will use the southern stairway to reach the Ground Level, they will split
50-50 to use both exit doors on the Foyer Corridor (denoted by the Green Arrow).
The widths for both staircases are 1.0 m, whilst the doors at the bottom of the
staircase are 0.95 m wide.
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The Stadium has three 1.9 m wide exit doors, one of which will lead 33% of the
occupants directly out of the Stadium (towards the eastern side). The rest of the
occupants will use the two exit doors on the western side of the Stadium, and
evacuate the Sport Centre by the nearest Foyer exits.
The Function Centre has three exit doors that are 1.9 m wide. Two of these exit
doors will lead the occupants out of the centre directly. For the one third who exit the
Function Centre by the Foyer Corridor, they will once again split to use both exit
doors on the Foyer Corridor (denoted by the Yellow Arrow).
In the Sports Lounge area, occupants will use the two 1.9 m wide exit doors to leave
the centre directly. The two referees in the referee room will use the shortest path
out and exit the complex by the nearest Foyer exit.

For the four staff in the

Reception and Manager’s room, they will use the nearest Foyer exit to evacuate. In
the Gymnasium and Childcare, the group is divided to use either one of the two exits
at the end of the Foyer Corridor.

Figure 7-2 Escape Paths from the Sport and Recreation Centre
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7.2

Fire Scenarios

There are three fire scenarios that are evaluated in the Sports Centre and have a
large impact on, and potentially cause injury to the occupants. The fire scenario can
occur either in the Stadium, Function Centre or Sports Lounge.

The following

evacuation calculations have been taken from the DBH (2010c) for the three fire
scenarios.
7.2.1 Fire Scenario 1: Stadium Fire
This fire scenario assumed that the fire occurred in the Stadium area.

As the

occupants would be watching events in the Stadium, the evacuation would be
initiated when the fire reached 500kW or 30 s after the fire alarm activated,
whichever was earlier.
From zone modelling assessment in DBH (2010c) for this fire scenario, the fire alarm
was activated for 21 s after which the fire would intensify to the critical 500kW (DBH
2010c).

This blaze formed the final cue for the occupants in the Stadium and

Mezzanine areas to start their evacuation. The occupants in other areas of the
Sports Centre started their evacuation only after the fire alarm had been activated for
60 s.

In other words, the occupants in Stadium areas had a 39 s head-start

compared to the occupants in other areas.
The movement time for 100 occupants in the Mezzanine area was the queuing time
to clear the staircase of 76 s ([100 / 2] / [0.94 x (1.0 - 0.15 x 2)]). In the Stadium that
housed 310 occupants, the queuing time to exit through the three 1.9 m wide doors
worked out to be 62 s ([310 / 3] / [100 / 60]). The queuing time to evacuate the
Function Centre which housed 305 occupants and had three 1.9 m wide exit doors,
was calculated as 61 s ([305 / 3] / [100 / 60]). Similarly, the queuing time for 238
occupants to evacuate the Sports Lounge that had two 1.9 m wide doors was
computed to be 71 s ([238 / 2] / [100 / 60]).
In the Hand Calculation, it assumed that there was equal usage between the two
Foyer exits. Using a spreadsheet to aid the calculation, it was assessed that the
occupants from the Function Centre were the last groups to egress out to the Foyer
exits (DBH 2010c). As a result, the movement time for the 204 occupants who
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passed through the Foyer included these two time components: a travelling time of
18 s and a queuing time of 61 s (204 / 2 / [100 / 60]). The evacuation times
calculated by the Hand Calculation for this fire scenario are shown in Table 7-2.
Time (s)
PreMovement
movement
Time
Mezzanine Intermediate floor seating
21
76
Ground
Stadium
21
62
Ground
Foyer
60
79
Ground
Function Centre
60
61
Ground
Sports Lounge
60
71
Level

Location

Evacuation
Time
97
83
139
121
131

Table 7-2 Evacuation Times for the Fire Scenario at the Stadium
7.2.2 Fire Scenario 2: Function Centre Fire
In this fire scenario, the pre-movement time for the occupants in the Function Centre
was 30 s after the fire alarm was triggered by the detection system.

All the

occupants in the rest of the building would evacuate after 60 s of pre-movement
time.
For individual spaces, the evacuation time calculations were similar to the Stadium
fire scenario. An Excel spreadsheet was created to calculate the flow of occupants
(DBH 2010c). It was found that the bottleneck in the Sports Complex occurred at the
Foyer exits, and at the time before it was clogged, 52 occupants had passed through
these exits. Accordingly, the movement time in the Foyer was made up of two time
components: a travelling time of 18 s and a queuing time of 105 s
([402 - 52] / [2 x 100 / 60]). The evacuation times for this fire scenario are shown in
Table 7-3.

Level
Mezzanine
Ground
Ground
Ground
Ground

Time (s)
Location
PreMovement
movement
Time
Intermediate floor seating
60
76
Stadium
60
62
Foyer
60
123
Function Centre
30
61
Sports Lounge
60
71

Evacuation
Time
136
122
183
91
131

Table 7-3 Evacuation Times for the Fire Scenario at the Function Centre
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7.2.3 Fire Scenario 3: Sports Lounge Fire
In the Sports Lounge fire scenario, the pre-movement time for the occupants in the
Sports Lounge was 30 s. All the other occupants would evacuate after 60 s of premovement time.
Similarly to the previous two fire scenarios, the Foyer was assessed as being the
bottleneck (DBH 2010c). The movement time in the Foyer was made up of two time
components: a travelling time of 18 s and a queuing time of 121 s
([402 / 2] / [100 / 60]). The evacuation times for this fire scenario are shown in
Table 7-4.
Time (s)
PreMovement
movement
Time
Mezzanine Intermediate floor seating
60
76
Ground
Stadium
60
62
Ground
Foyer
60
139
Ground
Function Centre
60
61
Ground
Sports Lounge
30
71
Level

Location

Evacuation
Time
136
122
199
121
101

Table 7-4 Evacuation Times for the Fire Scenario at the Sports Lounge
7.3

Evacuation Analysis

In hand calculation methods, it is difficult, if not impossible, to calculate the
evacuation time for a building if the occupants start their evacuation following a
distribution rather than simultaneously. Therefore, explicit pre-movement times have
been specified in the Hand Calculation method, as indicated in Table 2-4. However,
for the three evacuation tools, it is possible to utilise different distribution functions to
generate a spread of pre-movement times. These distributions can include uniform
distribution, log-normal distribution (but not for Simulex), triangle distribution etc.
This evacuation analysis studied the effect of simultaneous evacuation against a lognormal distribution. Simultaneous evacuation meant the occupants would evacuate
concurrently at the same pre-movement time. On the other hand, if a log-normal
distribution of pre-movement time was used, occupants would start their evacuation
at their assigned pre-movement time. As investigation by Spearpoint (2004) and
Chu and Sun (2006), showed the evacuation time may follow the distribution with a
constant delay.
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As suggested in PD 7479-6 and explained in Section 3.1.1, the evacuation could
follow a log-normal distribution. This evacuation analysis deployed a log-normal
distribution to the pre-movement times for occupants in the EvacuatioNZ and
FDS+Evac models. This set of runs could provide the essential comparison with the
explicit value of pre-movement as determined by the Hand Calculation.
To make use of pre-movement times suggested in PD 7479-6 as detailed in
Table 3-2, various assumptions are made for this Sports Complex,
1) A high level of fire safety management, as denoted by M1 in PD 7479-6,
2) An automatic fire alarm system, denoted as A1 in PD 7479-6,
3) A simple rectangular single storey building with a simple layout. This will be
denoted as B1 in PD 7479-6,
Thus for the Sports Complex, the pre-movement time for the 1st and 99th percentiles
occupants are 30 and 120 s respectively, However, in the room of the fire origin
where occupants can identify the fire situation and act more quickly, it is assumed
that the 99th percentile will start to evacuate at 60 s instead of 120 s. To obtain the
log-normal distribution parameters based on the 1st and 99th percentile, an Excel
add-on program, @Risk (Palisade Corporation 2010) has been used. There are two
ways to define log-normal distribution curves, and FDS+Evac uses natural
logarithms whilst EvacuatioNZ uses the non-logarithmised scale. As a result, the
two distribution curves are created from @Risk software and shown in Figure 7-3.
Table 7-5 tabulated the pre-movement time parameters in log-normal distribution to
be used in EvacuatioNZ and FDS+Evac models.

Location
Room of
Fire Origin
Other Area/Rooms

1st
percentile

Pre-movement Times (s)
Log-normal Distribution
99th
EvacuatioNZ
FDS+Evac
percentile
Means
Std Dev Means
Std Dev

30

60

43

6.44

3.75

0.149

30

120

62.7

19.11

4.094

0.298

Table 7-5 Log-normal Distribution of Pre-movement Times for Occupants
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a) Pre-movement Times for Occupants in the Room of the Fire Origin

b) Pre-movement Times for the Occupants in Other Locations
Figure 7-3 Log-normal Distribution For Pre-movement Times
7.4

FDS+Evac Results

The Sports Complex was constructed, as shown in Figure 7-4. The FDS+Evac file
can be found in Appendix A-4. Each set of evacuation analysis was run for 100
simulations, and the results have been consolidated.
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Figure 7-4 The FDS+Evac model for the Sports Complex
7.4.1 Results for the Fire Scenario at the Stadium
The means and standard deviations of the 100-simulations are presented in
Table 7-6.

A bar chart were constructed and shown in Figure 7-5. The standard

deviation is represented by the error bar.

Location
Sports Lounge
Function Centre
Foyer
Stadium
Mezzanine

Evacuation Time (s)
Simultaneous Evacuation Log-normal Distribution
Hand
Calculation Means Std Difference Means Std Difference
Dev
(%)
Dev
(%)
131
123.5
8.9
-5.8
150.0 14.9
14.5
121
125.1
2.4
3.3
156.7 15.5
29.5
139
157.7
6.5
13.5
177.3 14.9
27.5
83
96.2
2.7
15.8
117.6
5.4
41.7
97
114.2
9.4
17.8
130.5
6.5
34.5

Table 7-6 Evacuation Timings for the Fire Scenario in the Stadium for the FDS+Evac Model
In general, the FDS+Evac evacuation results were longer compared to the Hand
Calculation for all areas for both scenarios except the Sports Lounge in the
simultaneous evacuation scenario.

The Foyer area had the longest evacuation

times for both the Hand Calculation and FDS+Evac simulations. The result obtained
for the simultaneous evacuation in the FDS+Evac model was 158 s compared to
139 s from the Hand Calculation. This meant FDS+Evac was about 19 s or 13.7%
longer.

If the log-normal distribution for the pre-movement time was used, the
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evacuation time from the FDS+Evac model increased to 177 s, or 27.3% longer than
the Hand Calculation.

Figure 7-5 Evacuation Timings for the Fire Scenario in the Stadium for the FDS+Evac Model
It was observed that for log-normal distribution simulations, the time to evacuate an
area was always longer than the simultaneous evacuation scenario. Furthermore,
the total evacuation time appeared to be linked to the pre-movement times for a
handful of occupants. For example, in Run-70 of the batch runs on the log-normal
distribution, an occupant in the Function Centre had a pre-movement time of
182 s.

The total evacuation time for that particular run was 196 s, and it was

observed that it was due to that last occupant travelling out of the complex via the
Foyer exit. Around 30 s beforehand, the second last occupant exited the Sports
Complex at 166 s.

This sequence is shown in Figure 7-6.
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Pre-movement
time of 182s

a) Evacuation time = 130s

Still waiting for
its exit cues
2nd last occupant exit
the complex

b) Evacuation time = 165s

Almost exiting
the complex

c) Evacuation time = 194s
Figure 7-6 Simulation Run 70 of Stadium Fire
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7.4.2 Results for the Fire Scenario at the Function Centre
The means and standard deviations of the 100-simulations are presented in
Table 7-7. A bar chart was constructed and shown in Figure 7-7. The standard
deviation is represented by the error bar in the bar chart.

Location
Sports Lounge
Function Centre
Foyer
Stadium
Mezzanine

Evacuation Time (s)
Simultaneous Evacuation Log-normal Distribution
Hand
Calculation Means Std Difference Means Std Difference
Dev
(%)
Dev
(%)
131
123.6
9.1
-5.7
152.0 16.7
16.0
91
95.1
2.4
4.5
108.9
2.7
19.6
183
190.1 10.8
3.9
185.6 11.8
1.4
122
136.1
3.2
11.6
166.2 15.8
36.2
136
151.7
9.3
11.6
158.1 13.2
16.2

Table 7-7 Evacuation Timings for the Function Centre Fire Scenario for the FDS+Evac Model

Figure 7-7 Evacuation Timings for the Function Centre Fire Scenario for the FDS+Evac Model
In general, the FDS+Evac evacuation results were longer than those obtained from
the Hand Calculations for all areas in both evacuation scenarios, except in the
Sports Lounge for the simultaneous evacuation. The Foyer area had the longest
evacuation time for both Hand Calculation and FDS+Evac simulations. The total
evacuation time for the simultaneous evacuation was 190 s compared to 183 s from
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the Hand Calculation. However, the total evacuation time was slightly shortened to
186 s if a log-normal distribution was used.
Once again, the Sports Lounge in the simultaneous evacuation had a shorter
evacuation time (around 6%) compared to the Hand Calculation. The evacuation
timing for the Sports Lounge was similar in the fire scenarios in both the Stadium and
Function Centre.

It was because the pre-movement in Sports Lounge was

unchanged for both scenarios as the occupants were not in the room of the fire
origin. A further investigation on the evacuation timing is plotted in Figure 7-8.

100.3 - 81.7 = 18.6

176.8 - 86.2 = 90.6
Last evacuee at
131 s
Last evacuee at
123 s

Figure 7-8 Accumulative Graph in the Sports Lounge
In Figure 7-8, the gradient of the discharge by the two 1.9 m wide doors in the Sports
Lounge was around 4.9 (90.6 / 18.6). This meant that 2.45 persons per second or
147 persons per minute passed through each door set. This was significantly higher
than C/VM2’s suggestion of 100 persons per minutes for a 1.9 m wide door. The
flow rate of 147 persons per minute was equivalent to a specific flow of
1.63 persons/s/m of effective width, and this value was comparable to that obtained
in the FDS+Evac model as shown in Figure 3-5.
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7.4.3 Results for the Fire Scenario in the Sports Lounge
The means and standard deviations of the 100-simulations are presented in
Table 7-8. A bar chart was constructed and shown in Figure 7-9. The standard
deviation is represented by the error bar in the bar chart.
The Foyer area had the longest evacuation time for both the Hand Calculation and
FDS+Evac simulations.

The evacuation times obtained for the simultaneous

evacuation in FDS+Evac model was 184 s compared to 199 s from the Hand
Calculation.

This was 7.5% faster.

When log-normal is used, the error was

shortened to 5.2%.

Location
Sport Lounge
Function Centre
Foyer
Stadium
Mezzanine

Evacuation Time (s)
Simultaneous Evacuation Log-normal Distribution
Hand
Calculation Means Std Difference Means Std Difference
Dev
(%)
Dev
(%)
101
92.4
8.4
-8.5
103.6
6.8
2.6
121
125.4
2.8
3.6
157.1 14.3
29.9
199
184.2
9.0
-7.5
188.7 13.6
-5.2
122
136.6
3.0
12.0
162.9 13.2
33.5
136
152.4
8.0
12.1
157.2 14.6
15.6

Table 7-8 Evacuation Timings for the Sports Lounge Fire Scenario for the FDS+Evac Model

Figure 7-9 Evacuation Timings for the Sports Lounge Fire Scenario for the FDS+Evac Model
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7.5

EvacuatioNZ Results

The Sports Complex was constructed, as shown in Figure 7-10. The long Foyer
corridor was divided into three sections.
section with two exit doors.

The Sports Lounge was a standalone

The other three sections, the Function Centre, the

Stadium and Mezzanine Floor had connections to the Foyer-Bottom node as the
occupants would travel into that node to access the exit doors at both ends of the
Foyer. Appendix B-4 contains the six input files for this model.
Each set of evacuation analyses was run for 100 simulations, and the results have
been consolidated.

Figure 7-10 The EvacuatioNZ model for the Sports Complex
7.5.1 Results for the Fire Scenario at the Stadium
The means and standard deviations of the 100-simulations are presented in
Table 7-9.

A bar chart was constructed and shown in Figure 7-11. The standard

deviation is represented by the error bar.
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Location
Sports Lounge
Function Centre
Foyer
Stadium
Mezzanine

Evacuation Time (s)
Simultaneous Evacuation Log-normal Distribution
Hand
Calculation Means Std Difference Means Std Difference
Dev
(%)
Dev
(%)
131
142.1
1.5
8.4
190.7 13.9
45.6
121
140.7
2.1
16.3
194.3 17.1
60.5
139
218.2
3.0
57.0
242.9
4.7
74.7
83
189.7
2.4
128.5
207.1
4.4
149.6
97
104.4
2.1
7.6
132.5
5.8
36.6

Table 7-9 Evacuation Timings for the Stadium Fire Scenario for the EvacuatioNZ Model

Figure 7-11 Evacuation Timings for the Stadium Fire Scenario for the EvacuatioNZ Model
For the three individual spaces (Sports Lounge, Function Centre and Mezzanine),
the evacuation times in the simultaneous evacuation scenario were between 8% and
16% longer compared to the Hand Calculation. However, the evacuation time for the
Stadium was 79 s or almost 130% longer than the Hand Calculation. This prolonged
evacuation time from the Stadium also meant the evacuation time for the Foyer was
57% longer than the Hand Calculation.

If the log-normal distribution for pre-

movement time was used, the evacuation time for the Foyer was 243 s or 75%
longer than the Hand Calculation.
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It was observed from accumulative graph in Figure 7-12 that the door discharged at
full capacity from 49 to 96 s. If this door capacity were continued, the last occupants
would be out by 107 s, as denoted by the dotted line in Figure 7-12. However, it was
observed that from 100 s onwards, there was a long period of “no-exit” phenomenon
on the graph.

It seemed that no occupants managed to exit the area as the

discharge rate stagnated between 139 to 152 s. Furthermore, it was observed that
some occupants started to “appear” back in the Stadium area between 158 to 171 s.
Finally, the last evacuee was out of Stadium at 197 s.

Figure 7-12 Accumulative Graph in the Stadium Fire Scenario
Following this strange occurrence of occupants “moving back” into the Stadium
node, further investigation was carried out to check on the model. It was discovered
that the phenomenon occurred because of the way the distances were defined
between the Stadium and Foyer nodes. As illustrated in Figure 7-13, the “shorter”
path length via Stadium node was 19.5 m, the sum of 7m and 12.5 m. However, the
correct path via Foyer Corridor should be 29.1 m (17.2 + 11.9). In the simulation,
some occupants from the Function Centre would take this “shorter” route via the
Stadium instead of travelling the correct route via the Foyer corridor. This setup
oversight was attributed mainly to the usage of the “random start feature” on the
Stadium node. As this feature accounted for the distances that the occupants had to
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travel within the Stadium node, the distances to the adjacent nodes (Foyer-Upper
and Foyer-Bottom) used a “Door-to-Centre” method. As a result, the route via the
Stadium node was shorter compared to the Foyer corridor.
Incorrect “shorter” path
via Stadium

Correct path via
Foyer corridor

Figure 7-13 Path Length of the Stadium and Foyer Corridor
To rectify this misinterpretation, the path lengths were changed to a Centre-to-Centre
approach in the Stadium for the two escape paths connecting to the Foyer. The path
lengths had been revised to 32 m and 23 m for Foyer-Upper and Foyer-Bottom
connection respectively.

The simulation was then re-run and the result was

presented in Table 7-10 and the bar chart in Figure 7-14.

Location
Sports Lounge
Function Centre
Foyer
Stadium
Mezzanine

Evacuation Time (s)
Simultaneous Evacuation Log-normal Distribution
Hand
Calculation Means Std Difference Means Std Difference
Dev
(%)
Dev
(%)
131
142.2
1.6
8.6
194.5 19.7
48.5
121
140.5
2.4
16.1
194.8 14.7
61.0
139
236.1
3.2
69.8
254.7
4.6
83.2
83
134.2
3.0
61.7
162.0
4.1
95.2
97
104.3
2.4
7.5
131.9
5.4
36.0

Table 7-10 Revised Evacuation Timings for the Stadium Fire Scenario for the EvacuatioNZ
Model
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Figure 7-14 Revised Evacuation Timings for the Stadium Fire Scenario for the EvacuatioNZ
Model
As revealed in Figure 7-15, the “reappearing” of occupants in the Stadium has
disappeared, although there was a short period with less exit rate towards the end of
the accumulative curve. Extrapolating for the door capacity, the last evacuees would
be out at 117 s, instead of 107 s shown in previous case in Figure 7-12. This was
reasonable as now occupants had to travel longer distances to exit the Stadium
node. The tailing of the last stage of egress could be due to the congested Foyer
nodes, and occupants had to stay in Stadium node and wait for the congestion to
ease before they could move into the Foyer nodes.
However, it was noted that the overall evacuation time via the Foyer actually
increased compared to the previous case.

A possible explanation was that

occupants had to travel a longer distance via the Foyer corridor to exit the Sports
Complex.

Owing to the complicated egress patterns (merging and counter-flow)

happening in the Foyer corridor, it was very difficult to investigate further on this set
of evacuation calculations.
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Figure 7-15 Revised Accumulative Graph in the Stadium Fire Scenario
7.5.2 Results for the Fire Scenario at the Function Centre
The means and standard deviation of the 100-simulations are presented in
Table 7-11. A bar chart was constructed and shown in Figure 7-16. The standard
deviation is represented by the error bar.

Location
Sports Lounge
Function Centre
Foyer
Stadium
Mezzanine

Evacuation Time (s)
Simultaneous Evacuation Log-normal Distribution
Hand
Calculation Means Std Difference Means Std Difference
Dev
(%)
Dev
(%)
131
142.4
1.4
8.7
193.9 15.5
48.0
91
111.0
1.9
22.0
130.6
4.1
43.5
183
260.3
4.7
42.2
248.7
7.4
35.9
122
173.0
2.9
41.8
219.6 15.7
80.0
136
143.1
2.0
5.2
186.0 17.2
36.8

Table 7-11 Evacuation Timings for the Function Centre Fire Scenario for the EvacuatioNZ
Model
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Figure 7-16 Evacuation Timings for the Function Centre Fire Scenario for the EvacuatioNZ
Model
In general, the trend observed in the Stadium fire scenario has been consistent here
in this fire scenario. For the three individual spaces (Sports Lounge, Function Centre
and Mezzanine), the evacuation times in the simultaneous evacuation were between
5% and 22% longer compared to the Hand Calculation. However, the evacuation
time for the Stadium was 42% longer than the Hand Calculation.

This total

evacuation time depended on the clearance from Foyer exits which was 249 s, or
42% longer than the Hand Calculation of 183 s.
If the pre-movement time was changed to a log-normal distribution, the evacuation
time was 80% longer at the Stadium compared to the Hand Calculation. It was
observed that with a log-normal distribution, the overall evacuation time was shorter
than the simultaneous evacuation.
7.5.3 Results for the Fire Scenario at the Sports Lounge
The means and standard deviations of the 100-simulations are presented in
Table 7-12.

A bar chart was constructed and shown in Figure 7-17. The standard

deviation is represented by the error bar.
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Location
Sports Lounge
Function Centre
Foyer
Stadium
Mezzanine

Evacuation Time (s)
Simultaneous Evacuation Log-normal Distribution
Hand
Calculation Means Std Difference Means Std Difference
Dev
(%)
Dev
(%)
101
112.3
1.3
11.2
132.2
4.3
30.9
121
140.9
2.1
16.4
195.1 14.4
61.2
199
272.1
3.3
36.7
253.6
6.4
27.4
122
172.7
2.9
41.6
221.9 17.0
81.9
136
143.2
3.1
5.3
184.9 16.6
36.0

Table 7-12 Evacuation Timings for the Sports Lounge Fire Scenario for the EvacuatioNZ
Model

Sports
Lounge

Figure 7-17 Evacuation Timings for the Sports Lounge Fire Scenario for the EvacuatioNZ
Model
The Foyer area had the longest evacuation time for both the Hand Calculation and
the EvacuatioNZ model. For the three individual spaces (Sports Lounge, Function
Centre and Mezzanine), the evacuation times in the simultaneous evacuation were
between 5% and 16.4% compared to the Hand Calculation.

In the log-normal

distribution simulation, the EvacuatioNZ results were between 31% and 61%
compared to the Hand Calculation for these three areas. However, the evacuation
time for the Foyer was around 37% and 27% longer than the Hand Calculation for
simultaneous and log-normal distribution evacuations respectively.
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At the Foyer, the log-normal distribution had a shorter evacuation time than the
simultaneous evacuation. This observation reversed the trends from all the other
scenarios.
7.6

Simulex Results

The plan for the Sports Complex was imported into the Simulex program, as shown
in Figure 7-10. The occupants were populated with different pre-movement times
and assigned with exits accordingly.

The speed of the occupants was fixed at

1.19 m/s.

Figure 7-18 The Simulex model for the Sports Complex
7.6.1 Results for the Fire Scenario at the Stadium
When the Simulex model was run, it was observed that the occupants from the
assigned Southern Foyer Exit from the gymnasium and childcare collided with those
occupants from the Mezzanine Floor and Function Centre who were heading to the
Northern Foyer Exit. From 60 s onwards, a gridlock was formed in the narrow Foyer
corridor outside the childcare centre, as shown in Figure 6-13. The simulation had to
be terminated after 10 minutes.
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Gridlock
forming

Time = 64 s

b) Time = 99 s

c) Time = 120 s

d) Time = 600 s

Figure 7-19 Stadium Fire Scenario for the Simulex Model
7.6.2 Results for the Fire Scenario at the Function Centre
Similarly, in the fire scenario at the Function Centre, it was observed that the
occupants from the gymnasium and childcare ran into those occupants from the
Function Centre and the Mezzanine Floor heading towards the Northern Foyer Exit.
This gridlock is shown in Figure 7-20. There were several smaller gridlocks formed
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in the Stadium and Function Centre, each involving two occupants who would not
give way to each other. The simulation was terminated after five minutes.

Gridlock
forming

Time = 64 s

b) Time = 93 s

Other
Gridlocks

c) Time = 120 s

d) Time = 300 s

Figure 7-20 The Function Centre Fire Scenario for the Simulex Model
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7.6.3 Results for the Fire Scenario at the Sports Lounge
Similarly to the previous two fire scenarios, a similar gridlock formed at the Foyer
near the Childcare Centre as shown in Figure 7-21.

There were several other

smaller gridlocks in the Stadium and Function Centre too.

The simulation was

terminated after five minutes.

Gridlock
forming

Time = 93 s

b) Time = 112 s

Other
Gridlocks

c) Time = 131 s

d) Time = 300 s

Figure 7-21 The Sports Lounge Fire Scenario for the Simulex Model
123

7.7

Discussion

The comparison of FDS+Evac and EvacuatioNZ with Hand Calculation are shown in
Figure 7-22 for three different fire scenarios. Generally, FDS+Evac evacuation times
were closer to the Hand Calculation than those of EvacuatioNZ. However, it was
noted that for the Sports Lounge fire scenario, FDS+Evac had faster evacuation
times than the Hand Calculation. EvacuatioNZ generated quite comparable results
for individual spaces, except for the Stadium. This might be due to the occupants in
the Stadium entering the highly-congested Foyer node as they had to wait for the
occupants in the Foyer to exit before they could enter into the node. In this Sports
Complex case study, the Simulex simulation could not be completed and had to be
terminated for all three fire scenarios. Thus, these terminations indicated that the
algorithm in Simulex was not designed to deal with counter-flow scenarios.
For the Hand Calculation, there were some ambiguous assumptions, for example,
the prerequisite of an equal spread of occupants for the two Foyer exits. As the
Foyer exits were located at both ends of a long corridor, and the occupants came
into the Foyer at different parts of the corridor, it would be difficult to estimate an
average distance for occupants to reach the exits.
Out of the three software tools, it seems that the FDS+Evac results were closer to
the values obtained from the Hand Calculation. Furthermore with the visual tool
provided by the post-processor user interface, Smokeview, one can investigate
visually and ascertain the evacuation times. Hence, there was less doubt over the
results. Therefore, it should be a reasonable tool to be used for complex evacuation
situations where merging and counter-flow are anticipated to arise.
For the log-normal distribution in pre-movement time, the evacuation times obtained
were longer than the simultaneous evacuation for the Stadium, Function Room and
Sports Lounge. These observations conformed with the conclusions by previous
researchers that in a spread distribution, the total evacuation time would depend on
the distribution rather than the occupant’s density (Chu & Sun 2006; Spearpoint
2004).
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a) Stadium Fire Scenario

b) Function Centre Fire Scenario

c) Sports Lounge Fire Scenario
Figure 7-22 Fire Scenario Comparison for the FDS+Evac and the EvacuatioNZ Models
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8. Discussion
As one of the objectives of this research is to construct evacuation models from
evacuation software and compare the results with those of Hand Calculation
methodology, the following sections give an overview of the different evacuation
tools.
8.1

Hand Calculation

The evacuation results, through careful analyses of the building, can be calculated
by the Hand Calculation. This calculation can be concise for simple geometry, but
can be lengthy in complex buildings. Therefore, a user of the Hand Calculation
method has to understand the building’s escape routes thoroughly and document in
detail the rationales behind the chosen evacuation constraints in the calculations.
Furthermore, it was noted that the assumption that evacuation time is the sum of
pre-movement time and movement time, where the latter is the longer between
travelling and queuing time.

This assumption can be compelling in a simple

configuration, but may not be suitable for situations where occupants have to travel a
long evacuation component to egress, for example a long corridor (as in the Foyer
Corridor in the Sports Stadium case study). The Hand Calculation presented in the
DBH report (DBH 2010c) has incorporated correctly the time required for the
occupants to move between the two door constraints. However, for this model, it
does not consider the build-up time required for an exit to achieve its maximum
specific flow rate.

For this reason, the total evacuation time may be under-

estimated. As illustrated in the Cinema Complex, under-estimation in evacuation
time calculation can also occur in buildings with aisles. Therefore, buildings with
similar seating arrangements may have to get other evacuation tools to compute the
evacuation times.
8.2

FDS+Evac

FDS+Evac, in general, generated comparable evacuation times compared to the
Hand Calculation. However, the construction of the model can be time consuming
and requires the user to have a certain level of competence to complete the task.
Furthermore, the user needs to convert buildings into Cartesian coordinates for this
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model. This may restrict the modelling if the building is complex and cannot be
conformed into rectangular meshes. Although the current version of FDS+Evac has
a limitation of 10,000 evacuees per evacuation mesh, it should be sufficient for
general applications, but not for a huge crowd simulation, for example an Arena,
Sports Stadium etc.

As FDS+Evac has a good user interface, the user can

investigate abnormalities easily by using the graphics interface provided.
The downside of this software is that the computation time for one run can be
relatively longer than with other software tools, and for large buildings, it may require
large computational power to complete the simulation runs. The user may have to
use computers that have 64-bits capability to simulate large building evacuation
scenarios. Nevertheless, it is a good tool to deploy in complex evacuation scenarios
where large crowd interactions are expected either by merging or counter-flow.
Currently, the software does not have social interactions such as social bonding (for
example, parents and children, colleagues, friends etc) built into the evacuation
algorithm. However, these herding behaviours are currently under development, and
this inclusion may provide some interesting insights into evacuation scenarios.
(Korhonen & Heliovaara 2011)
8.3

EvacuatioNZ

EvacuatioNZ, the on-going developing model, was easy to construct with the newlydeveloped pre-processor interface, yEd (yWorks 2010). The computational time to
generate batch runs is generally short, and one can interpret the results from various
evacuation analyses in a short timeframe.

However, there is a lack of post-

processor interface, and it can be a turn-off for potential users.
As this software deployed similar equations used in the hydraulic model, it is not
surprising that the results generated were comparable to the Hand Calculation
methodology. However, some additional work has to be performed before this tool
can be used as a design tool. Firstly, as illustrated in the Sports Complex case
study, there were some differences between the evacuation timings from the Hand
Calculation, and the discrepancy could be quite significant for a highly-dense
situation. Currently, there has been no literature or validation carried out on the
counter-flow situation even in simple configuration for this software. As a result, the
127

reliability of the results may not be ascertained for complex evacuation situations. In
spite of this, the values generated by EvacuatioNZ were on the cautious side, as the
evacuation times were longer compared to the Hand Calculation. Secondly, there is
no definition of staircase width in the algorithm. For a normal staircase scenario, the
maximum flow can be anticipated at the door entrance to the staircase. However,
some special situations, for example a staircase lobby, may not be correctly
calculated.
8.4

Simulex

Simulex can be built up quite easily if the building plans are available and in CAD
format. The computation time to complete one run can be up to a couple of minutes,
and the user can observe the evacuation process during and after the simulation.
However, the documentation provided in Simulex (version 13.0) is not updated and
is incorrect in some places. For example, the documentation said that the speed
reduction is 0.5 in the staircase, but the actual reduction value is different in the
software. The lack of proper documentation may deter potential users, and also
promote rogue use of the software.

Nonetheless, in the newer Simulex version

(Virtual Environment 6.0), the documentation has been improved.
Finally, it will be difficult for peer reviewers to check the evacuation model on paper,
without accessing the whole model or software. Owing to the algorithm of counterflow (or lack of it), users have to deploy a certain strategy to prevent occupants
running against one another, for example, by grouping them nearer to the exit doors
and avoiding the collision all together. These attempts may reduce the travelled
distance and hasten the build-up time for a constraint to achieve its maximum
discharge rate prematurely.

As a result, the overall evacuation time can be

shortened considerably.
In some cases (for example the Sports Complex), the simulation cannot be
completed for counter-flow situations. Thus, the user has to look for alternative tools
to calculate the evacuation time. Furthermore, the user can spend needless time
trying to avoid smaller gridlocks by adjusting the links or replacing the parties
involved in the gridlocks.
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8.5

Summary of the Four Evacuation Models

For the Hand Calculation, it was found that


The evacuation times generated were comparable to the three evacuation
tools under study.



It may not be suitable for buildings with a theatre configuration, as it underestimates and produces shorter evacuation times.



It may not be suitable for buildings with mixed groups of distinct occupants, for
example adults and children.

For EvacuatioNZ, it was found that


For simple building configurations, it produces evacuation timings that are
slightly longer than from the Hand Calculation.



It generates significantly longer evacuation timings in highly-congested
evacuation scenarios.

Thus, it needs further investigation into such

scenarios.


It is relatively easy to construct and has short computational time.

For FDS+Evac, it was found that


The results generated by the FDS+Evac models are generally longer than
those obtained from the Hand Calculation.



It is suitable for a complex scenario that has merging or counter-flow
evacuation.



The setup and computational time can be long.

For Simulex, it was found that


The setup time can be short if CAD drawings are provided, and the
computational times are short.



It has a generally faster evacuation time than the Hand Calculation.



It is not suitable for counter-flow evacuation scenarios.
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9. Conclusion
To satisfy the occupant safety requirement outlined in the proposed performancebased design fire framework (C/VM2) in the New Zealand Building Code, evacuation
time has to be determined. Hydraulic model is recommended in this framework to
show that there is sufficient time for occupants to escape the building safely. The
main objective of this research was to determine the evacuation times from other
evacuation software. Then, these timings were compared to the hydraulic model
calculations presented in the report from Department of Building and Housing (DBH
2010c). Thus, three different types of evacuation software (Simulex, EvacuatioNZ
and FDS+Evac) have been selected to calculate the evacuation timings for four
different buildings. These selected evacuation software tools are different from one
another in their modelling structures, evacuation algorithms and building
representation.

Apart from replicating the fire scenarios using the different

evacuation models, evacuation analyses were also created to examine the software
tools’ performance. As the comparison was not against empirical data, there was no
claim of quality between the methodologies deployed.
From the simulation calculations and the evacuation analyses, for example in sport
complex fire scenario, one can deduce that the evacuation times for various fire
scenarios generated through three different models are different.

However, the

differences are not too diverse and in some cases, these results can be quite close
to the ones obtained from the hydraulic model.
The evacuation results produced by EvacuatioNZ for simple geometry were very
close to and slightly longer than the ones obtained from the hydraulic model.
Furthermore, the door flow rate as stated in C/VM2 can be implemented into
EvacuatioNZ models but not into the other two software tools. However, for highlydense evacuation scenarios, EvacuatioNZ produces longer evacuation times which
can be up to 40% longer in the Sports Complex case study. The setup time and
calculation time for EvacuatioNZ models were not too lengthy.
For FDS+Evac, the results were longer than the hydraulic model in general. From
the four case studies, this model can be used to calculate complex evacuation
situations, for example, merging and counter-flow evacuation scenarios. With the
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post-processor interface, one can observe the evacuation process easily and
examine any critical area of concerns. However, the setup time for this model can
be considerably longer compared to the other three models.

Furthermore, the

computational power can be very demanding for large buildings, and the calculation
time for one simulation is also long.
The setup time for a Simulex model can be short if the building plans are given in
CAD format. However, the simulation may be hindered by a software glitch where
occupants halt unintentionally in the midst of their evacuation route. Furthermore,
Simulex may not be used for a counter-flow evacuation calculation, as shown in the
Sports Complex case study.

In general, Simulex gives faster evacuation times

compared to the hydraulic model. In some cases, the results can be over 20% faster
although the two models have a uniform occupant travelling speed of 1.19 m/s. As a
result, evacuation calculations involving Simulex have to be scrutinised and caution
has to be excised over the evacuation results obtained from this software.
For the hydraulic model as recommended by C/VM2, the evacuation timing can be
generated provided that the user is proficient in the algorithms (Rogsch et al. 2010)
and has a good understanding of the building escape strategies. The calculation can
be carried out in a relatively short timeframe compared to evacuation software tools.
However, it is found from this research that the hydraulic model may be inadequate
for evacuation scenarios for buildings that contain aisles such as cinemas or lecture
theatres.

As the EvacuatioNZ and FDS+Evac models showed in the Cinema

Complex case study, the evacuation times can increase significantly when the
seating arrangements are taken into consideration in the evacuation calculations.
Another limitation of the hydraulic model is that it cannot be applied in buildings with
distinct groups of occupants that have different travelling speeds or pre-movement
times. This is because of the fundamental assumption of occupants as one uniform
group to ascertain the flow rate passing through building restrictions such as doors,
corridors, staircases etc.
9.1

Future Work

The following are some future work that can be generated from this study


EvacuatioNZ needs further studies in highly-dense evacuation situations.
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EvacuatioNZ needs further validation on merging and counter-flow situations.



The counter-flow algorithm in Simulex can be developed.



Evacuation models that have the capability to couple with fire data, for
example, Exodus, FDS+Evac, etc, can be investigated and compared.
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Appendix A – FDS+Evac Input Files
A.1 Cinema Complex
FDS+Evac version: FDS 5.5.3, Evac 2.3.1
All material properties etc. are completely fabricated.
Cinema Complex, with Grid = 0.25m by 0.25m by 0.25m
&HEAD CHID='cinema-250mm-2000-fc', TITLE='5 Cinema Building' / With door 2.0m door Run 1
&TIME T_END=400.0 /
&MISC SURF_DEFAULT='INERT',
RADIATION=.FALSE.,
EVAC_SURF_DEFAULT='EVAC_WALL' /
Note: Now now fire meshes: RADIATION=.FALSE. saves some CPU time and memory
&DUMP SMOKE3D=.FALSE.,
NFRAMES=200,
DT_PART=0.5,
DT_HRR=1.0,
DT_SLCF=1000000.0,
DT_BNDF=1000000.0,
DT_PL3D=1000000.0,
DT_ISOF=1000000.0 /
Boundary condition for the evacuation flow fields:
&SURF ID='OUTFLOW', VEL= +0.000001, TAU_V=0.1, COLOR='BLUE' /

&SURF ID='EVAC_WALL', COLOR='BLACK' / or COLOR
&MESH IJK= 220, 128, 28, XB= 0.00,55.00, 0.00,32.00, 0.0,7.0, ID='FireMesh' / Fire Mesh dx = dy
= dz = 0.25 m

&MESH IJK=220, 128, 1, XB= 0.00,55.00, 0.00,32.00, 0.0,0.5,
EVAC_Z_OFFSET=0.25, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE., ID='Building' /
Mesh dx = dy = 0.25 m

*************

Foyer

****************

====

Foyer Exit Mesh

========

&MESH IJK=220, 128, 1, XB= 0.00,55.00, 0.00,32.00, 0.0,0.5,
EVACUATION=.TRUE., ID='MeshFoyer' / Exit mesh for Foyer
====

Foyer Exit Door

========

&EXIT ID='FoyerExit', IOR=2,
FYI= 'Exit of Foyer Exit',
COLOR='YELLOW', VENT_FFIELD='MeshFoyer',
XYZ= 19.75, 31.75, 2.00,
XB= 18.75,20.75, 32.00,32.00,
0.0,0.5 / 2.0m Door
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&HOLE XB= 18.75,20.75,
31.74,32.01, 0.0,2.0, EVACUATION=.TRUE./
&VENT XB= 18.75,20.75,
32.00,32.00, 0.0,0.5, SURF_ID='OUTFLOW',
MESH_ID='MeshFoyer', EVACUATION=.TRUE./ Foyer exit
&VENT XB= 18.75,20.75,
32.00,32.00, 0.0,0.5, SURF_ID='OUTFLOW',
MESH_ID='Building', EVACUATION=.TRUE./ Building exit

====

Steps and Slope

========

&EVSS ID='Foyer_Space1', IOR=-1, SHOW=.TRUE., COLOR='GREEN',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=2.0, HEIGHT=2.0,
XB=0.25,22.75, 13.75,20.00, 0.0,0.5
/Toilet space
&EVSS ID='Foyer_Space2', IOR=-1, SHOW=.TRUE., COLOR='GREEN',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=2.0, HEIGHT=2.0,
XB=22.75,31.50, 17.50,23.5 , 0.0,0.5
/Main Foyer Area
&EVSS ID='Foyer_Stair1', IOR=1, SHOW=.TRUE., COLOR='GREEN',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=1.0, HEIGHT=2.0,
XB= 31.50,32.50, 19.0,23.5, 0.0,0.5
/Foyer Stair 2m to 1m
&EVSS ID='Foyer_Landing', IOR=-1, SHOW=.TRUE., COLOR='GREEN',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=1.0, HEIGHT=1.0,
XB= 32.50,35.00, 19.0,23.5, 0.0,0.5
/Foyer Stair landing@1m
&EVSS ID='Foyer_Stair2', IOR=1, SHOW=.TRUE., COLOR='GREEN',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=0.0, HEIGHT=1.0,
XB= 35.00,36.00, 19.0,23.5, 0.0,0.5
/Foyer Stair 1m to 0m
&EVSS ID='Foyer_Exit', IOR=2, SHOW=.TRUE., COLOR='GREEN',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=0.0, HEIGHT=2.0,
XB=18.75,20.75, 23.50,31.50 , 0.0,0.5

/Foyer Exit Corridor

&EVSS ID='Foyer_Space3', IOR=-1, SHOW=.TRUE., COLOR='GREEN',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=2.0, HEIGHT=2.0,
XB=18.75,22.75, 20.00,23.5, 0.0,0.5
/Outside Cinema 2

&OBST XB= 31.50,35.00, 18.75,19.0, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / Foyer
Staircase Wall
&OBST XB= 35.00,36.00, 17.75,19.0, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / Lift

*************

Lobby

****************

====

Lobby Exit Mesh

========

&MESH IJK=220, 128, 1, XB= 0.00,55.00, 0.00,32.00, 0.0,0.5,
EVACUATION=.TRUE., ID='MeshLobby1' / Exit mesh for Lobby Exit 1
&MESH IJK=220, 128, 1, XB= 0.00,55.00, 0.00,32.00, 0.0,0.5,
EVACUATION=.TRUE., ID='MeshLobby2' / Exit mesh for Lobby Exit 2
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&MESH IJK=220, 128, 1, XB= 0.00,55.00, 0.00,32.00, 0.0,0.5,
EVACUATION=.TRUE., ID='MeshLobby3' / Exit mesh for Lobby Exit 3
====

Exit Doors

========

&EXIT ID='LobbyExit1', IOR=1,
FYI= 'Exit of Lobby Exit 1',
COLOR='YELLOW', VENT_FFIELD='MeshLobby1',
XYZ= 54.50, 27.00, 2.00,
XB= 55.00,55.00, 26.00,28.00, 0.0,0.5
/ 2.0m Door
&VENT XB= 55.00,55.00,
26.00,28.00, 0.0,0.5, SURF_ID='OUTFLOW',
MESH_ID='MeshLobby1', EVACUATION=.TRUE./ Cinema 1 exit
&VENT XB= 55.00,55.00,
26.00,28.00, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='Building',
EVACUATION=.TRUE./ Building exit
&EXIT ID='LobbyExit2', IOR=1,
FYI= 'Exit of Lobby Exit 2',
COLOR='YELLOW', VENT_FFIELD='MeshLobby2',
XYZ= 54.50, 19.00, 2.00,
XB= 55.00,55.00, 18.00,20.00, 0.0,0.5
/ 2.0m Door
&VENT XB= 55.00,55.00,
18.00,20.00, 0.0,0.5, SURF_ID='OUTFLOW',
MESH_ID='MeshLobby2', EVACUATION=.TRUE./ Cinema 1 exit
&VENT XB= 55.00,55.00,
18.00,20.00, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='Building',
EVACUATION=.TRUE./ Building exit
&EXIT ID='LobbyExit3', IOR=-2,
FYI= 'Exit of Lobby Exit 3',
COLOR='YELLOW', VENT_FFIELD='MeshLobby3',
XYZ= 51.00, 13.50, 2.00,
XB= 50.00,52.00, 13.25,13.25, 0.0,0.5 / 2.0m Door
&VENT XB= 50.00,52.00, 13.25,13.25, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='MeshLobby3',
EVACUATION=.TRUE./ Cinema 1 exit
&VENT XB= 50.00,52.00,
13.25,13.25, 0.0,0.5, SURF_ID='OUTFLOW',
MESH_ID='Building', EVACUATION=.TRUE./ Building exit
&OBST XB= 45.00,55.00, 13.00,13.25, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / South
Wall of Lobby

====

Occupants Position

========

&EVAC ID='LobbyP1' , NUMBER_INITIAL_PERSONS=3,
XB=40.0,42.0, 28.0,30.5 , 0.0,0.5,
KNOWN_DOOR_NAMES=
'LobbyExit1','LobbyExit2','LobbyExit3',
PERS_ID='Patron', AVATAR_COLOR='BLUE',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 3 staffs in candy shop. 60 pre-move time

*************

Cinema 1

****************

====

Cinema 1 Exit Mesh

========

&MESH IJK=220, 128, 1, XB= 0.00,55.00, 0.00,32.00, 0.0,0.5,
EVACUATION=.TRUE., ID='MeshCinema1' / Exit mesh for Cinema 1
====

Exit Doors

========
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&EXIT ID='Cinema1Exit1', IOR=-2,
FYI= 'Exit of Cinema 1',
COLOR='YELLOW', VENT_FFIELD='MeshCinema1',
XYZ= 3.0, 0.25, 2.00,
XB= 2.00,4.0,
0.00,0.00,
0.0,0.5 /
&HOLE XB= 2.00,4.0, -0.01,0.26, 0.0,2.0, EVACUATION=.TRUE./
&VENT XB= 2.00,4.0, 0.00,0.00, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='MeshCinema1',
EVACUATION=.TRUE./ Cinema 1 exit
&VENT XB= 2.00,4.0, 0.00,0.00, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='Building',
EVACUATION=.TRUE./ Building exit
&HOLE XB= 19.50,21.50, 13.49,13.76, 0.00,4.00, EVACUATION=.TRUE., COLOR='BLACK', /
2.0m Door to Foyer
&EXIT ID='Cinema1Exit2', IOR=+2,
FYI= 'Foyer Exit Counter for Cinema 1',
COUNT_ONLY=.TRUE.,
XB= 19.50,21.50, 13.50,13.5, 0.0,0.5 /To record the timing of Foyer Exit for Cinema 1
====

Outer walls

========

&OBST XB= 0.00,0.25, 0.00,13.75, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / West Wall of
Cinema 1
&OBST XB= 0.25,21.75, 13.50,13.75, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / North Wall
of Cinema 1
&OBST XB= 21.75,22.00, 0.00,13.75, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / East Wall
of Cinema 1
&OBST XB= 0.25,21.75, 0.00,0.25, 0.00,7.00, SURF_ID='INERT', COLOR='INVISIBLE', / South
Wall of Cinema 1

&OBST XB= 19.25,19.50, 10.25,16.75, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / Exit
Corridor of Cinema 1

====

Seats

========

&MULT ID='C1_Seat', DXB=1.0,1.0, 0.0,0.0, 0.0,0.2,

N_LOWER=1,N_UPPER=13/

&OBST XB=6.25,6.50, 10.50,13.50, 0,0.5,SURF_ID='INERT', COLOR='YELLOW',
MULT_ID='C1_Seat'/ Left block of seats
&OBST XB=6.25,6.50, 4.50,9.00, 0,0.5,SURF_ID='INERT', COLOR='YELLOW', MULT_ID='C1_Seat'/
Central block of seats
&OBST XB=6.25,6.50, 0.0,3.00, 0,0.5,SURF_ID='INERT', COLOR='YELLOW', MULT_ID='C1_Seat'/
Right block of seats

====

Steps and Slope

========

&EVSS ID='Cinema1_Slope', IOR=-1, SHOW=.TRUE., COLOR='BLACK',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=0, HEIGHT=2.0,
XB=7.0,19.25 , 0.0,13.5 , 0.0,0.5
/incline in Cinema 1
&EVSS ID='Cinema1_podium', IOR=-1, SHOW=.TRUE., COLOR='BLACK',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=2.0, HEIGHT=2.0,
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XB=19.25,21.75 , 0.0,13.5 , 0.0,0.5
====

Occupants Position

/podium at back of Cinema 1
========

&EVAC ID='Cinema1P1' , NUMBER_INITIAL_PERSONS=117,
XB=6.75,13.0 , 0.0,13.5 , 0.0,0.5,
KNOWN_DOOR_NAMES='Cinema1Exit1',
PERS_ID='Patron', ANGLE=180, AVATAR_COLOR='RED',
PRE_EVAC_DIST=0,PRE_MEAN=0,/ 0 pre-move time
&EVAC ID='Cinema1P2' , NUMBER_INITIAL_PERSONS=39,
XB=13.0,19.25 , 0.0,13.5 , 0.0,0.5,
KNOWN_DOOR_NAMES='FoyerExit',
PERS_ID='Patron', ANGLE=180, AVATAR_COLOR='BLACK',
PRE_EVAC_DIST=0,PRE_MEAN=0,/ 0 pre-move time
&EVAC ID='Cinema1P3' , NUMBER_INITIAL_PERSONS=78,
XB=13.0,19.25 , 0.0,13.5 , 0.0,0.5,
KNOWN_DOOR_NAMES='LobbyExit1','LobbyExit2','LobbyExit3',
PERS_ID='Patron', ANGLE=180, AVATAR_COLOR='BLUE',
PRE_EVAC_DIST=0,PRE_MEAN=0,/ 0 pre-move time

&EVHO ID='LeftCinema1',
FYI='Left walkway of Cinema 1',
XB= 6.25,19.25,
9.00,10.50,

0.0,0.5 /

&EVHO ID='RightCinema1',
FYI='Right walkway of Cinema 1',
XB= 6.25,19.25,
3.00,4.50,

0.0,0.5 /

*************

Cinema 2

****************

====

Exit Mesh

========

&MESH IJK=220, 128, 1, XB= 0.00,55.00, 0.00,32.00, 0.0,0.5,
EVACUATION=.TRUE., ID='MeshCinema2' / Exit mesh for Cinema 2
====

Exit Doors

========

&EXIT ID='Cinema2Exit1', IOR=2,
FYI= 'Exit of Cinema 2',
COLOR='YELLOW', VENT_FFIELD='MeshCinema2',
XYZ= 3.0, 31.5, 2.00,
XB= 2.00,4.0,
32.0, 32.0,
0.0,0.5 / 2.0m Door
&HOLE XB= 2.00,4.0, 31.74,32.01, 0.0,2.0, EVACUATION=.TRUE./
&VENT XB= 2.00,4.0, 32.0,32.0, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='MeshCinema2',
EVACUATION=.TRUE./ Cinema 2 exit
&VENT XB= 2.00,4.0, 32.0,32.0, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='Building',
EVACUATION=.TRUE./ Building exit
&HOLE XB= 16.50,18.50, 19.99,20.26, 0.00,4.00, EVACUATION=.TRUE., COLOR='BLACK', /
2.0m Door to Foyer
&EXIT ID='Cinema2Exit2', IOR=-2,
FYI= 'Foyer Exit Counter for Cinema 2',
COUNT_ONLY=.TRUE.,
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XB= 16.50,18.50, 20.00,20.00, 0.0,0.5 /To record the timing of Foyer Exit for Cinema 2
====

Outer walls

========

&OBST XB= 0.00,0.25, 20.00,32.00, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / West Wall of
Cinema 2
&OBST XB= 0.25,18.50, 31.75,32.00, 0.00,7.00, SURF_ID='INERT', COLOR='INVISIBLE', / North
Wall of Cinema 2
&OBST XB= 18.50,18.75, 20.00,32.00, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / East Wall
of Cinema 2
&OBST XB= 0.25,18.50, 20.00,20.25, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / South Wall
of Cinema 2
&OBST XB= 16.25,16.50, 20.25,24.00, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / Exit
Corridor of Cinema 2

====

Seats

========

&MULT ID='C2_Seat12', DXB=1.0,1.0, 0.0,0.0, 0.0,0.2, N_LOWER=1,N_UPPER=12/
&MULT ID='C2_Seat10', DXB=1.0,1.0, 0.0,0.0, 0.0,0.2, N_LOWER=1,N_UPPER=10/
&MULT ID='C2_Seat13', DXB=1.0,1.0, 0.0,0.0, 0.0,0.2, N_LOWER=1,N_UPPER=13/
&OBST XB=4.25,4.50, 29.50,31.75, 0,0.5,SURF_ID='INERT', COLOR='YELLOW',
MULT_ID='C2_Seat13'/ Left block of seats
&OBST XB=4.25,4.50, 25.25,28.25, 0,0.5,SURF_ID='INERT', COLOR='YELLOW',
MULT_ID='C2_Seat12'/ Central block of seats
&OBST XB=4.25,4.50, 23.75,25.25, 0,0.5,SURF_ID='INERT', COLOR='YELLOW',
MULT_ID='C2_Seat10'/ Central block of seats
&OBST XB=4.25,4.50, 20.25,22.50, 0,0.5,SURF_ID='INERT', COLOR='YELLOW',
MULT_ID='C2_Seat12'/ Right block of seats
====

Steps and Slope

========

&EVSS ID='Cinema2_Slope', IOR=-1, SHOW=.TRUE., COLOR='BLACK',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=0, HEIGHT=2.0,
XB=5.0,16.50 , 20.25,31.75 , 0.0,0.5
/incline in Cinema 2
&EVSS ID='Cinema2_podium', IOR=-1, SHOW=.TRUE., COLOR='BLACK',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=2.0, HEIGHT=2.0,
XB=16.50,18.50 , 20.25,31.75 , 0.0,0.5
/podium at back of Cinema 2
====

Occupants Position

========

&EVAC ID='Cinema2P1' , NUMBER_INITIAL_PERSONS=101,
XB=5.0,10.50 , 20.25,31.75 , 0.0,0.5,
KNOWN_DOOR_NAMES='Cinema2Exit1',
PERS_ID='Patron', ANGLE=180, AVATAR_COLOR='RED',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time
&EVAC ID='Cinema2P2' , NUMBER_INITIAL_PERSONS=34,
XB=10.5,16.50 , 20.25,31.75 , 0.0,0.5,
KNOWN_DOOR_NAMES='FoyerExit',
PERS_ID='Patron', ANGLE=180, AVATAR_COLOR='BLACK',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time
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&EVAC ID='Cinema2P3' , NUMBER_INITIAL_PERSONS=67,
XB=10.5,16.50 , 20.25,31.75 , 0.0,0.5,
KNOWN_DOOR_NAMES='LobbyExit1','LobbyExit2','LobbyExit3',
PERS_ID='Patron', ANGLE=180, AVATAR_COLOR='BLUE',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time

&EVHO ID='LeftCinema2',
FYI='Left walkway of Cinema 2',
XB=5.0,16.50, 28.25,29.50, 0.0,0.5 /
&EVHO ID='RightCinema2',
FYI='Right walkway of Cinema 1',
XB=5.0,16.50, 22.50,25.25, 0.0,0.5 /
=================================================
*************

Cinema 3

****************

====

Exit Mesh

========

&MESH IJK=220, 128, 1, XB= 0.00,55.00, 0.00,32.00, 0.0,0.5,
EVACUATION=.TRUE., ID='MeshCinema3' / Exit mesh for Cinema 3
====

Exit Doors

========

&EXIT ID='Cinema3Exit1', IOR=2,
FYI= 'Exit of Cinema 3',
COLOR='YELLOW', VENT_FFIELD='MeshCinema3',
XYZ= 34.50, 31.5, 2.00,
XB= 34.0,35.0,
32.0, 32.0,
0.0,0.5 / 1.0m Door
&HOLE XB= 34.0,35.0, 31.74,32.01, 0.0,2.0, EVACUATION=.TRUE./
&VENT XB= 34.0,35.0, 32.0,32.0, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='MeshCinema3',
EVACUATION=.TRUE./ Cinema 3 exit
&VENT XB= 34.0,35.0, 32.0,32.0, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='Building',
EVACUATION=.TRUE./ Building exit
&HOLE XB= 21.50,22.50, 23.49,23.76, 0.00,4.00, EVACUATION=.TRUE., COLOR='BLACK', /
1.0m Door to Foyer
&EXIT ID='Cinema3Exit2', IOR=-2,
FYI= 'Foyer Exit Counter for Cinema 3',
COUNT_ONLY=.TRUE.,
XB= 21.50,22.50, 23.50,23.5, 0.0,0.5 /To record the timing of Foyer Exit for Cinema 3
====

Outer walls

&OBST XB= 20.75,21.00,
of Cinema 3
&OBST XB= 21.00,38.50,
Wall of Cinema 3
&OBST XB= 38.50,38.75,
of Cinema 3
&OBST XB= 21.00,38.50,
Wall of Cinema 3

========

22.25,32.00, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / West Wall
31.75,32.00, 0.00,7.00, SURF_ID='INERT', COLOR='INVISIBLE', / North
23.50,32.00, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / East Wall
23.50,23.75, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / South

&OBST XB= 21.00,24.50, 22.25,22.50, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / Exit
Corridor of Cinema 3
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====

Seats

========

&MULT ID='C3_Seat11', DXB=1.0,1.0, 0.0,0.0, 0.00,-0.2,

N_LOWER=0,N_UPPER=10/

&OBST XB=22.5,22.75, 25.25,30.25, 0.0,3.0,SURF_ID='INERT', COLOR='YELLOW',
MULT_ID='C3_Seat11'/ Central block of seats

====

Steps and Slope

========

&EVSS ID='Cinema3_Slope', IOR=1, SHOW=.TRUE., COLOR='BLACK',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=0, HEIGHT=2.0,
XB=22.50,33.50 , 23.75,31.75 , 0.0,0.5
/incline in Cinema 3
&EVSS ID='Cinema3_podium', IOR=1, SHOW=.TRUE., COLOR='BLACK',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=2.0, HEIGHT=2.0,
XB=21.0,22.50 , 23.75,31.75 , 0.0,0.5
/podium at back of Cinema 3
====

Occupants Position

========

&EVAC ID='Cinema3P1' , NUMBER_INITIAL_PERSONS=67,
XB=28.0,33.50 , 25.25,30.25 , 0.0,0.5,
KNOWN_DOOR_NAMES= 'Cinema3Exit1',
PERS_ID='Patron', ANGLE=0, AVATAR_COLOR='RED',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time

&EVAC ID='Cinema3P2' , NUMBER_INITIAL_PERSONS=23,
XB=22.5,28.0 , 25.25,30.25 , 0.0,0.5,
KNOWN_DOOR_NAMES= 'FoyerExit',
PERS_ID='Patron', ANGLE=0, AVATAR_COLOR='BLACK',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time
&EVAC ID='Cinema3P3' , NUMBER_INITIAL_PERSONS=44,
XB=22.5,28.0 , 25.25,30.25 , 0.0,0.5,
KNOWN_DOOR_NAMES= 'LobbyExit1', 'LobbyExit2', 'LobbyExit3',
PERS_ID='Patron', ANGLE=0, AVATAR_COLOR='BLUE',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time

*************

Cinema 4

****************

====

Exit Mesh

========

&MESH IJK=220, 128, 1, XB= 0.00,55.00, 0.00,32.00, 0.0,0.5,
EVACUATION=.TRUE., ID='MeshCinema4' / Exit mesh for Cinema 4
====

Exit Doors

========

&EXIT ID='Cinema4Exit1', IOR=1,
FYI= 'Exit of Cinema 4',
COLOR='YELLOW', VENT_FFIELD='MeshCinema4',
XYZ= 32.50, 2.5, 2.00,
XB= 33.00,33.00, 2.0,3.0, 0.0,0.5 / 1.0m Door
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&VENT XB= 33.00,33.00,
2.0,3.0, 0.0,0.5, SURF_ID='OUTFLOW',
MESH_ID='MeshCinema4', EVACUATION=.TRUE./ Cinema 4 exit
&VENT XB= 33.00,33.00,
2.0,3.0, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='Building',
EVACUATION=.TRUE./ Building exit
&HOLE XB= 23.50,24.50, 15.74,16.01, 0.00,4.00, EVACUATION=.TRUE., COLOR='BLACK', /
1.0m Door to Foyer
&EXIT ID='Cinema4Exit2', IOR=2,
FYI= 'Foyer Exit Counter for Cinema 4',
COUNT_ONLY=.TRUE.,
XB= 23.50,24.50, 16.0,16.0, 0.0,0.5 /To record the timing of Foyer Exit for Cinema 4
====

Outer walls

&OBST XB= 22.50,22.75,
of Cinema 4
&OBST XB= 22.75,33.00,
of Cinema 4
&OBST XB= 33.00,33.25,
of Cinema 4
&OBST XB= 22.75,33.00,
Wall of Cinema 4

========

0.25,17.75, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / West Wall
15.75,16.00, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / North Wall
0.25,16.00, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / East Wall
0.25,0.50, 0.00,7.00, SURF_ID='INERT', COLOR='INVISIBLE', / South

&OBST XB= 22.75,25.75, 17.50,17.75, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / Exit
Corridor of Cinema 4
====

Seats

========

&MULT ID='C4_Seat9', DXB=0.0,0.0, 1.0,1.0, 0.0,0.25, N_LOWER=1,N_UPPER=9/
&OBST XB=24.00,31.75, 5.25,5.50, 0,0.75,SURF_ID='INERT', COLOR='YELLOW',
MULT_ID='C4_Seat9'/ Central block of seats

====

Steps and Slope

========

&EVSS ID='Cinema4_Slope', IOR=-2, SHOW=.TRUE., COLOR='BLACK',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=0, HEIGHT=2.0,
XB=22.75,33.00, 5.25,14.5 , 0.0,0.5
/incline in Cinema 4
&EVSS ID='Cinema4_podium', IOR=1, SHOW=.TRUE., COLOR='BLACK',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=2.0, HEIGHT=2.0,
XB=22.75,33.00, 14.5,15.75 , 0.0,0.5
/podium at back of Cinema 4
====

Occupants Position

========

&EVAC ID='Cinema4P1' , NUMBER_INITIAL_PERSONS=62,
XB=24.00,31.75, 5.75,10.0, 0.0,0.5,
KNOWN_DOOR_NAMES='Cinema4Exit1',
PERS_ID='Patron', ANGLE=270, AVATAR_COLOR='RED',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time

&EVAC ID='Cinema4P2' , NUMBER_INITIAL_PERSONS=21,
XB=24.00,31.75, 10.0,14.5, 0.0,0.5,
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KNOWN_DOOR_NAMES='FoyerExit',
PERS_ID='Patron', ANGLE=270, AVATAR_COLOR='BLACK',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time

&EVAC ID='Cinema4P3' , NUMBER_INITIAL_PERSONS=41,
XB=24.00,31.75, 10.0,14.5, 0.0,0.5,
KNOWN_DOOR_NAMES= 'LobbyExit1', 'LobbyExit2', 'LobbyExit3',
PERS_ID='Patron', ANGLE=270, AVATAR_COLOR='BLUE',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time
*************

Cinema 5

****************

====

Exit Mesh

========

&MESH IJK=220, 128, 1, XB= 0.00,55.00, 0.00,32.00, 0.0,0.5,
EVACUATION=.TRUE., ID='MeshCinema5' / Exit mesh for Cinema 5
====

Exit Doors

========

&EXIT ID='Cinema5Exit1', IOR=1,
FYI= 'Exit of Cinema 5',
COLOR='YELLOW', VENT_FFIELD='MeshCinema5',
XYZ= 44.25, 5.25, 2.00,
XB= 44.75,44.75, 4.75,5.75, 0.0,0.5
/ 1.0m Door
&VENT XB= 44.75,44.75,
4.75,5.75, 0.0,0.5, SURF_ID='OUTFLOW',
MESH_ID='MeshCinema5', EVACUATION=.TRUE./ Cinema 5 exit
&VENT XB= 44.75,44.75,
4.75,5.75, 0.0,0.5, SURF_ID='OUTFLOW', MESH_ID='Building',
EVACUATION=.TRUE./ Building exit
&HOLE XB= 33.74,34.01, 16.25,17.25,
1.0m Door to Foyer

0.00,4.00, EVACUATION=.TRUE., COLOR='BLACK', /

&EXIT ID='Cinema5Exit2', IOR=-1,
FYI= 'Foyer Exit Counter for Cinema 5',
COUNT_ONLY=.TRUE.,
XB= 34.00,34.00, 16.25,17.25, 0.0,0.5 /To record the timing of Foyer Exit for Cinema 5
====

Outer walls

========

&OBST XB= 33.75,34.00, 3.50,17.75, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / West Wall
of Cinema 5
&OBST XB= 30.00,44.75, 17.50,17.75, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / North Wall
of Cinema 5 + 4m for corridor
&OBST XB= 44.75,45.00, 3.50,17.75, 0.00,7.00, SURF_ID='INERT', COLOR='INVISIBLE', / East
Wall of Cinema 5
&OBST XB= 34.00,44.75, 3.50,3.75, 0.00,7.00, SURF_ID='INERT', COLOR='INVISIBLE', / South
Wall of Cinema 5

&OBST XB= 44.00,44.25, 6.25,17.75, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / West Wall
of Cinema 5 Column
&OBST XB= 44.25,44.75, 6.25,8.00, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / South Wall
of Cinema 5 Column
&OBST XB= 44.00,44.25, 2.25,4.25, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / West Wall of
Cinema 5 Column
&OBST XB= 44.25,44.75, 4.00,4.25, 0.00,7.00, SURF_ID='INERT', COLOR='BLUE', / North Wall of
Cinema 5 Column
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====

Seats

========

&MULT ID='C5_Seat9', DXB=0.0,0.0, 1.0,1.0, 0.0,0.25, N_LOWER=1,N_UPPER=9/
&OBST XB=35.50,42.5, 6.75,7.00, 0,0.75,SURF_ID='INERT', COLOR='YELLOW',
MULT_ID='C5_Seat9'/ Central block of seats

====

Steps and Slope

========

&EVSS ID='Cinema5_Slope', IOR=-2, SHOW=.TRUE., COLOR='BLACK',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=0, HEIGHT=2.0,
XB=34.00,44.00, 7.0,16.0 , 0.0,0.5
/incline in Cinema 5
&EVSS ID='Cinema5_podium', IOR=1, SHOW=.TRUE., COLOR='GREEN',
FAC_V0_UP=0.5, FAC_V0_DOWN=0.5, FAC_V0_HORI=1.0,
HEIGHT0=2.0, HEIGHT=2.0,
XB=22.00,44.00, 16.0,17.50 , 0.0,0.5
/podium at back of Cinema 5
====

Occupants Position

========

&EVAC ID='Cinema5P1' , NUMBER_INITIAL_PERSONS=63,
XB=35.50,42.5, 7.00,11.50, 0.0,0.5,
KNOWN_DOOR_NAMES='Cinema5Exit1',
PERS_ID='Patron', ANGLE=270, AVATAR_COLOR='RED',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time
&EVAC ID='Cinema5P2' , NUMBER_INITIAL_PERSONS=21,
XB=35.50,42.5, 11.50,16.00, 0.0,0.5,
KNOWN_DOOR_NAMES= 'FoyerExit',
PERS_ID='Patron', ANGLE=270, AVATAR_COLOR='BLACK',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time
&EVAC ID='Cinema5P3' , NUMBER_INITIAL_PERSONS=42,
XB=35.50,42.5, 11.50,16.00, 0.0,0.5,
KNOWN_DOOR_NAMES= 'LobbyExit1', 'LobbyExit2', 'LobbyExit3',
PERS_ID='Patron', ANGLE=270, AVATAR_COLOR='BLUE',
PRE_EVAC_DIST=0,PRE_MEAN=60,/ 60 pre-move time

************* Evacuation calculation, human properties ***************
COLOR_METHOD: How Smokeview draws humans:
-1: (default) Default colors in Smokeview
0: The color given at the EVAC/ENTR-line
3: The color given at the PERS-line
4: The color of the target door
&PERS ID='Patron',
FYI='Patron in Cinema',
DEFAULT_PROPERTIES='Adult',
DENS_INIT=10,
VELOCITY_DIST=0, VEL_MEAN=1.19,
TDET_SMOKE_DENS=0.1 , HUMAN_SMOKE_HEIGHT=1.60,
OUTPUT_SPEED=.TRUE., COLOR_METHOD= 0 / Velocity of 1.19m/s
&TAIL /
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A.2 Four-Storey Office Building
FDS+Evac version: FDS 5.5.3, Evac 2.3.1
All material properties etc. are completely fabricated.
Four floor evacuation test case:
Everyfloor is 3.2m high (including 0.2m concrete slab), with one staircase within the whole complex.
The evacuation mesh is at
0.5m (0.4 to 0.6m) above ground for Ground Level
3.7m (3.6 to 3.8m) above ground for 1st Level
6.9m (6.8 to 7.0m) above ground for 2nd Level
10.1m (10.0 to 10.2m) above ground for 3rd Level
&HEAD CHID='office-1000mm-k06', TITLE='4 storey Office Building' / with 1.0m staircase
Now just the evacuation geometry is specified. No fire mesh at all.
MESH IJK=133, 60, 64, XB= -0.2, 26.4, -0.2, 11.8,
0.0, 12.8, ID='FireMesh' /
Evacuation Mesh dx = dy = 0.2 m
&MESH IJK=131, 58, 1, XB= 0.0,26.2, 0.0,11.6,
0.4,0.6,
EVAC_Z_OFFSET=0.5, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE., ID='GroundFloor'
/
&MESH IJK=131, 58, 1, XB= 0.0,26.2, 0.0,11.6,
3.6,3.8,
EVAC_Z_OFFSET=0.5, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE., ID='1stFloor' /
&MESH IJK=131, 58, 1, XB= 0.0,26.2, 0.0,11.6,
6.8,7.0,
EVAC_Z_OFFSET=0.5, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE., ID='2ndFloor' /
&MESH IJK=131, 58, 1, XB= 0.0,26.2, 0.0,11.6,
10.0,10.2,
EVAC_Z_OFFSET=0.5, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE., ID='3rdFloor' /
&MESH IJK= 25,12,1, XB= 18.8,23.8, 0.0,2.4,
0.0,12.8, ID='Staircase_Mesh',
EVAC_Z_OFFSET= 0.50, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE. /
Main exit Mesh at Ground Floor
&MESH IJK=131, 58, 1, XB= 0.0,26.2, 0.0,11.6,
0.4,0.6,
EVACUATION=.TRUE., ID='MainExit_Mesh'/ Main Exit mesh

&TIME T_END=250.0/
&MISC SURF_DEFAULT='INERT',
RADIATION=.FALSE.,
EVAC_SURF_DEFAULT='EVAC_WALL' /
Note: Now now fire meshes: RADIATION=.FALSE. saves some CPU time and memory
&DUMP SMOKE3D=.FALSE.,
NFRAMES=200,
DT_PART=0.5,
DT_HRR=1.0,
DT_SLCF=1000000.0,
DT_BNDF=1000000.0,
DT_PL3D=1000000.0,
DT_ISOF=1000000.0 /
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Boundary condition for the evacuation flow fields:
&SURF ID='OUTFLOW', VEL= +0.000001, TAU_V=0.1, COLOR='BLUE' /
&SURF ID='EVAC_WALL', COLOR='INVISIBLE' / or COLOR
Outer walls: 0.2 m thick
&OBST XB= -0.2,0.0, -0.2,11.8,
Wall
&OBST XB= 26.2,26.4, -0.2,11.8,
Wall
&OBST XB= 0.0,26.2, -0.2, 0.0,
Wall
&OBST XB= 0.0,26.2, 11.6,11.8,
Wall
Ceiling slab
&OBST XB= 0.0,26.2,
&OBST XB= 0.0,26.2,
&OBST XB= 0.0,26.2,

0.0,11.6,
0.0,11.6,
0.0,11.6,

0.0,12.8, SURF_ID='INERT', COLOR='INVISIBLE', / East
0.0,12.8, SURF_ID='INERT', COLOR='INVISIBLE', / West
0.0,12.8, SURF_ID='INERT', COLOR='INVISIBLE', / South
0.0,12.8, SURF_ID='INERT', COLOR='INVISIBLE', / North

3.0,3.2, SURF_ID='INERT' / Ground Floor Ceiling
6.2,6.4, SURF_ID='INERT' / 1st Floor Ceiling
9.4,9.6, SURF_ID='INERT' / 2nd Floor Ceiling

&OBST XB= 16.8,18.8, 0.0,2.6, 0.0,12.8, SURF_ID='INERT' / Lift Shaft
Staircase Corridor Ground Level
&OBST XB= 16.8,17.0, 2.6,4.8, 0.0,3.2, SURF_ID='INERT' / West Wall
&OBST XB= 17.0,26.2, 4.6,4.8, 0.0,3.2, SURF_ID='INERT' / North Wall
&OBST XB= 23.6,23.8, 0.0,2.6, 0.0,3.1, SURF_ID='INERT', COLOR='INVISIBLE', / East Wall of
staircase
Staircase Corridor for 1st Level to 3rd Level
&OBST XB= 18.6,18.8, 2.6,4.0, 3.2,12.8, SURF_ID='INERT' / West Wall
&OBST XB= 18.8,23.6, 3.8,4.0, 3.2,12.8, SURF_ID='INERT' / North Wall
&OBST XB= 23.6,23.8, 0.0,4.0, 3.2,12.8, SURF_ID='INERT' / East Wall
&OBST XB= 18.8,23.6, 2.4,2.6, 0.0,12.8, SURF_ID='INERT' / South Wall

******************* Staircase Core & STRS *******************
Create the staircase core
&OBST XB= 19.8,22.8, 1.0,1.4, 0.0,12.8, COLOR='RED', EVACUATION=.TRUE.,
PERMIT_HOLE=.FALSE.,
MESH_ID='Staircase_Mesh', /
&HOLE XB= 18.79,23.79, -0.01,2.41, -0.01,12.81, EVACUATION=.TRUE.,
MESH_ID='Staircase_Mesh', /
*STRS parameters*
&STRS ID='Strs'
XB= 18.8,23.8, 0.0,2.4, 0.0,12.8,
XB_CORES(1,:)= 19.8,22.8, 1.0,1.4, 0.0,12.8,
RIGHT_HANDED=.FALSE., MESH_ID='Staircase_Mesh',
VERTICAL_LANDING_SEPARATION=1.6, N_LANDINGS=7,
XB_LANDINGS( 1,:)= 22.8,23.8, 0,2.4, 0.4,0.6,
XB_LANDINGS( 2,:)= 18.8,19.8, 0,2.4, 2.0,2.2,
XB_LANDINGS( 3,:)= 22.8,23.8, 0,2.4, 3.6,3.8,
FAC_V0_UP=0.4, FAC_V0_DOWN=0.60, FAC_V0_HORI=1.0, /

********** The outside stairs at the left side *******************
Door holes to/out of the stairs. These are not used in the
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"fire" geometry, because it is assumed that the doors are closed.
&HOLE XB= 18.0,19.0,
4.59,4.81,
0.0,2.0, EVACUATION=.TRUE., COLOR='RED'/
Ground Level Door to Staircase Lobby
&HOLE XB= 18.59,18.81,
2.8,3.8, 3.2,5.2, EVACUATION=.TRUE., COLOR='GREEN'/ 1st
Level Door to Staircase Corridor
&HOLE XB= 18.59,18.81,
2.8,3.8, 6.4,8.4, EVACUATION=.TRUE., COLOR='YELLOW'/ 2nd
Level Door to Staircase Corridor
&HOLE XB= 18.59,18.81,
2.8,3.8, 9.6,11.6, EVACUATION=.TRUE., COLOR='WHITE'/ 3rd
Level Door to Staircase Corridor

********* Below is the final exit ***************
&EXIT ID='BuildingExit', IOR=1,
FYI= 'Main Exit (only Exit)',
COLOR='YELLOW',
XYZ= 0.0, 5.70, 2.00, VENT_FFIELD= 'MainExit_Mesh',
XB= 26.2,26.2,
2.2,4.0, 0.4,0.6,
/
&VENT XB= 26.2,26.2, 2.2,4.0, 0.4,0.6,
EVACUATION=.TRUE./ GF exit
&VENT XB= 26.2,26.2, 2.2,4.0, 0.4,0.6,
EVACUATION=.TRUE./ GF exit

SURF_ID='OUTFLOW', MESH_ID='MainExit_Mesh',
SURF_ID='OUTFLOW', MESH_ID='GroundFloor',

&EXIT ID='GrdFloorExit', IOR=-2,
FYI= 'Counter for 1st Level',
COUNT_ONLY=.TRUE.,
XB= 18.0,19.0, 4.8,4.8, 0.4,0.6, /To record the timing of Ground Level
&EXIT ID='1stfloorExit', IOR=1,
FYI= 'Counter for 1st Level',
COUNT_ONLY=.TRUE.,
XB= 18.6,18.6, 2.8,3.8, 3.6,3.8, /To record the timing of 1st Level
&EXIT ID='2ndFloorExit', IOR=1,
FYI= 'Counter for 2nd Level',
COUNT_ONLY=.TRUE.,
XB= 18.6,18.6, 2.8,3.8, 6.8,7.0, /To record the timing of 2nd Level
&EXIT ID='3rdFloorExit', IOR=1,
FYI= 'Counter for 3rd Level',
COUNT_ONLY=.TRUE.,
XB= 18.6,18.6, 2.8,3.8, 10.0,10.2, /To record the timing of 3rd Level
************** Floors to Staircase **********
&DOOR ID='1stStairin',IOR=-2 ,
FYI = 'Comment line', MESH_ID='1stFloor',
TO_NODE='Staircase_Mesh', EXIT_SIGN=.TRUE., KEEP_XY=.FALSE., COLOR='BLUE',
HEIGHT=2.0,
COLOR='BLACK', FLOW_FIELD_ID= '1stFloor', XYZ= 23.4, 2.8, 2.0,
XB= 22.8,23.8, 2.6,2.6, 3.6,3.8, / n=11.5
&VENT XB= 22.8,23.8, 2.6,2.6, 3.6,3.8, SURF_ID='OUTFLOW', MESH_ID='1stFloor',
EVACUATION=.TRUE./ Staircase exit
&DOOR ID='2ndStairin',IOR=-2 ,
FYI = 'Comment line', MESH_ID='2ndFloor',
TO_NODE='Staircase_Mesh', EXIT_SIGN=.TRUE., KEEP_XY=.FALSE., COLOR='BLUE',
HEIGHT=2.0,
COLOR='BLACK', FLOW_FIELD_ID= '2ndFloor', XYZ= 23.4, 2.8, 2.0,
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XB= 22.8,23.8, 2.6,2.6, 6.8,7.0, / n=11.5
&VENT XB= 22.8,23.8, 2.6,2.6, 6.8,7.0, SURF_ID='OUTFLOW', MESH_ID='2ndFloor',
EVACUATION=.TRUE./ Staircase exit
&DOOR ID='3rdStairin',IOR=-2 ,
FYI = 'Comment line', MESH_ID='3rdFloor',
TO_NODE='Staircase_Mesh', EXIT_SIGN=.TRUE., KEEP_XY=.FALSE., COLOR='BLUE',
HEIGHT=2.0,
COLOR='BLACK', FLOW_FIELD_ID= '2ndFloor', XYZ= 23.4, 2.8, 2.0,
XB= 22.8,23.8, 2.6,2.6, 10.0,10.2, / n=11.5
&VENT XB= 22.8,23.8, 2.6,2.6, 10.0,10.2, SURF_ID='OUTFLOW', MESH_ID='3rdFloor',
EVACUATION=.TRUE./ Staircase exit
************** Ground Floor Staircase to Ground Floor Mesh**********
&DOOR ID='GFStairOut',IOR=-1,
FYI = 'Comment line', MESH_ID='GroundFloor', COLOR='WHITE',
TO_NODE='Staircase_Mesh', EXIT_SIGN=.FALSE.,
FLOW_FIELD_ID= 'MainExit_Mesh', HEIGHT=2.0, XYZ=23.8,1.2,2.0,
XB= 23.6,23.6, 0.0,2.4, 0.4,0.6, / n=11.5
&HOLE XB= 23.79,23.61, 0.0,2.4, 0.4,0.6, EVACUATION=.TRUE./
DOOR ID='GFStairOut',IOR=-2,
FYI = 'Comment line', MESH_ID='GroundFloor',
TO_NODE='Staircase_Mesh', EXIT_SIGN=.FALSE.,
FLOW_FIELD_ID= 'MainExit_Mesh', HEIGHT=2.0, XYZ=23.4,2.6,2.0,
XB= 22.8,23.8, 2.4,2.4, 0.4,0.6, / n=11.5
HOLE XB= 22.8,23.8, 2.39,2.61, 0.4,0.6, EVACUATION=.TRUE./

An evacuation hole, do not put agents inside the internal stairwell
&EVHO ID='Evho_Staircase',
FYI='Staircase Block and Lift Shaft',
XB= 16.8,23.8,
0,4.0, 0.4,0.6, /

Next lines could be used to plot the evacuation flow fields:
SLCF PBZ=0.0, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /
SLCF PBZ=3.0, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /
SLCF PBZ=6.0, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /
SLCF PBZ=9.0, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /

************* Evacuation calculation, human properties ***************
COLOR_METHOD: How Smokeview draws humans:
-1: (default) Default colors in Smokeview
0: The color given at the EVAC/ENTR-line
3: The color given at the PERS-line
4: The color of the target door
&PERS ID='Adult',
FYI='Male+Female diameter and velocity',
DEFAULT_PROPERTIES='Adult',
VELOCITY_DIST=0, VEL_MEAN=1.19,
TDET_SMOKE_DENS=0.1 , HUMAN_SMOKE_HEIGHT=1.60,
OUTPUT_SPEED=.TRUE., COLOR_METHOD= 0 /
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************* Initial positions of the agents *************
1st Floor:
These humans will go to the left exit, if it is not blocked by smoke.
&EVAC ID= 'AgentsGF',
NUMBER_INITIAL_PERSONS = 27,
XB = 0.0, 26.2,
0.0, 11.6,
0.4,0.6,
AVATAR_COLOR = 'RED',
KNOWN_DOOR_NAMES = 'BuildingExit',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Adult' /
&EVAC ID= 'Agents1st',
NUMBER_INITIAL_PERSONS = 29,
XB = 0.0, 26.2,
0.0, 11.6,
3.6,3.8,
AVATAR_COLOR = 'GREEN',
KNOWN_DOOR_NAMES = 'BuildingExit',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=30,
PERS_ID = 'Adult' /
&EVAC ID= 'Agents2nd',
NUMBER_INITIAL_PERSONS = 29,
XB = 0.0, 26.2,
0.0, 11.6,
6.8,7.0,
AVATAR_COLOR = 'YELLOW',
KNOWN_DOOR_NAMES = 'BuildingExit',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Adult' /
&EVAC ID= 'Agents3rd',
NUMBER_INITIAL_PERSONS = 29,
XB = 0.0, 26.2,
0.0, 11.6,
10.0,10.2,
AVATAR_COLOR = 'BLACK',
KNOWN_DOOR_NAMES = 'BuildingExit',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Adult' /
&EVHO ID='Staircase',
FYI='Staircase shaft', COLOR='HOT PINK', MESH_ID='GroundFloor',
XB= 16.8,26.2, 0.0,4.8, 0.4,0.6, /
&EVHO ID='Staircase1',
FYI='Staircase shaft', COLOR='HOT PINK', MESH_ID='1stFloor',
XB= 18.8,23.8, 0.0,4.0, 3.6,3.8, /
&EVHO ID='Staircase2',
FYI='Staircase shaft', COLOR='HOT PINK', MESH_ID='2ndFloor',
XB= 18.8,23.8, 0.0,4.0, 6.8,7.0, /
&EVHO ID='Staircase3',
FYI='Staircase shaft', COLOR='HOT PINK', MESH_ID='3rdFloor',
XB= 18.8,23.8, 0.0,4.0, 10.0,10.2, /

&TAIL /
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A.3 Two-Storey Restaurant
FDS+Evac version: FDS 5.5.3, Evac 2.3.1
All material properties etc. are completely fabricated.
Every floor is 3.0m high (including 0.2m concrete slab), with one internal and one external staircase.
The evacuation mesh is at
0.5m (0.4 to 0.6m) above ground for Ground Level
3.5m (3.4 to 3.6m) above ground for Upper Level
&HEAD CHID='restaurant-GF-Adult', TITLE='2 storey Restaurant' /
Now just the evacuation geometry is specified. No fire mesh at all.
MESH IJK=206, 176, 30, XB= 0.0, 20.6, 0.0, 17.6, 0.0, 6.0, ID='FireMesh' / dx = dy = 0.1 m, dz = 0.2
Evacuation Mesh dx = dy = 0.2 m
&MESH IJK=206, 176, 1, XB= 0.0,20.6, 0.0,17.6, 0.4,0.6,
EVAC_Z_OFFSET=0.5, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE., ID='GroundFloor'
/
&MESH IJK=202, 156, 1, XB= 0.2,20.4, 0.0,15.6, 3.4,3.6,
EVAC_Z_OFFSET=0.5, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE., ID='UpperFloor' /
Main exit Mesh at Ground Floor
&MESH IJK=206, 176, 1, XB= 0.0,20.6, 0.0,17.6, 0.4,0.6,
EVACUATION=.TRUE., ID='GroundExit1_Mesh'/ Ground Floor Exit 1 mesh (where ppl enter)
&MESH IJK=206, 176, 1, XB= 0.0,20.6, 0.0,17.6,
0.4,0.6,
EVACUATION=.TRUE., ID='GroundExit2_Mesh'/ Ground Floor Exit 2 mesh (where outdoor
dinning)
&MESH IJK=206, 176, 1, XB= 0.0,20.6, 0.0,17.6,
0.4,0.6,
EVACUATION=.TRUE., ID='GroundExit3_Mesh'/ Ground Floor Kitchen Exit mesh
&MESH IJK=206, 176, 1, XB= 0.0,20.6, 0.0,17.6,
0.4,0.6,
EVACUATION=.TRUE., ID='GroundExit4_Mesh'/ Ground Floor Staircase Lobby Exit mesh

Upper level Exit Mesh
&MESH IJK=202, 156, 1, XB= 0.2,20.4, 0.0,15.6,
3.4,3.6,
EVACUATION=.TRUE., ID='UpperExit1_Mesh'/ Upper Floor Exit to outside staircase

&MESH IJK=202, 156, 1, XB= 0.2,20.4, 0.0,15.6,
3.4,3.6,
EVACUATION=.TRUE., ID='UpperExit2_Mesh'/ Upper Floor Exit to internal staircase
&TIME T_END=250.0, DT=1.0/
&MISC SURF_DEFAULT='INERT',
RADIATION=.FALSE.,
EVACUATION_MC_MODE=.TRUE.,
EVAC_SURF_DEFAULT='EVAC_WALL' /
Note: Now now fire meshes: RADIATION=.FALSE. saves some CPU time and memory
&DUMP SMOKE3D=.FALSE.,
NFRAMES=200,
DT_PART=0.5,
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DT_HRR=1.0,
DT_SLCF=1000000.0,
DT_BNDF=1000000.0,
DT_PL3D=1000000.0,
DT_ISOF=1000000.0 /
Boundary condition for the evacuation flow fields:
&SURF ID='OUTFLOW', VEL= +0.000001, TAU_V=0.1, COLOR='GREEN' /
Default material for evacuation meshes is INERT and its color
can not be changed esily in Smokeview. Thus, an evacuation
material is defined below, which has only color:
&SURF ID='EVAC_WALL', COLOR='INVISIBLE' / or COLOR
Outer walls: 0.2 m thick
&OBST XB= 0.0,0.2, 0.0,15.6, 0.0,6.0, SURF_ID='INERT', COLOR='RED', / East Wall of External
wall
&OBST XB= 0.2,20.4, 15.4,15.6, 0.0,6.0, SURF_ID='INERT', COLOR='RED', / North Wall of
External wall
&OBST XB= 20.4,20.6, 0.0,15.6, 0.0,6.0, SURF_ID='INERT', COLOR='RED', / West Wall of
External wall
&OBST XB= 0.2,20.4, 0.0,0.2, 0.0,6.0, SURF_ID='INERT', COLOR='INVISIBLE' / South Wall of
External wall
&OBST XB= 16.0,20.4, 14.2,15.4, 0.0,1.0, SURF_ID='INERT', COLOR='BLUE',
/Table1 Ground
&OBST XB= 15.0,20.4, 10.3,12.6, 0.0,1.0, SURF_ID='INERT', COLOR='BLUE',
/Table2 Ground
&OBST XB= 16.8,20.0, 0.2,1.6, 0.0,1.0, SURF_ID='INERT', COLOR='BLUE',
/Table3 - Ground
&OBST XB= 12.1,12.8, 4.0,14.4, 0.0,1.5, SURF_ID='INERT', COLOR='BLUE',
/Service Counter
&OBST XB= 8.0,10.0, 14.4,15.4, 0.0,1.5, SURF_ID='INERT', COLOR='BLUE',
/Extra Hood
&OBST XB= 3.3,6.6, 8.2,11.0, 0.0,1.5, SURF_ID='INERT', COLOR='BLUE',
/Kitchen G10
&OBST XB= 7.3,8.1, 7.0,11.2, 0.0,1.5, SURF_ID='INERT', COLOR='BLUE',
/shelve (unnamed)
&OBST XB= 9.2,10.5, 6.5,10.0, 0.0,2.0, SURF_ID='INERT', COLOR='BLUE',
/service shelves
&OBST XB= 4.7,12.6, 0.2,2.2, 0.0,3.0, SURF_ID='INERT',
&OBST XB= 0.2,3.3, 4.0,11.4, 0.0,3.0, SURF_ID='INERT',

/Toilet
/Freezer G13

&OBST XB= 7.6,12.1, 4.0,4.1, 0.0,3.0, SURF_ID='INERT',
/Wall beside service counter
&OBST XB= 3.3,5.9, 3.1,3.2, 0.0,3.0, SURF_ID='INERT',
/Wall - sink
&OBST XB= 5.9,6.0, 3.2,6.6, 0.0,3.0, SURF_ID='INERT',
/Wall - sink
&OBST XB= 0.2,4.1, 13.0,15.4, 0.0,3.0, SURF_ID='INERT',
/Store G14
&OBST XB= 3.3,5.4, 11.4,11.3, 0.0,3.0, SURF_ID='INERT',
/Freeze extend wall
&OBST XB= 3.3,3.4, 3.1,4.0, 0.0,3.0, SURF_ID='INERT',
/Freeze extend wall
&OBST XB= 5.3,5.4, 11.3,12.5, 0.0,3.0, SURF_ID='INERT',
/Freeze extend wall
&OBST XB= 10.0,10.1, 4.1,6.5, 0.0,3.0, SURF_ID='INERT',
/service shelves wall
&OBST XB= 10.2,16.0, 14.0,15.4, 3.0,4.0, SURF_ID='INERT', COLOR='BLUE',
/Table1 -Lvl 1
&OBST XB= 10.2,16.0, 10.3,12.7, 3.0,4.0, SURF_ID='INERT', COLOR='BLUE',
/Table2
&OBST XB= 10.2,16.0, 6.4,8.9, 3.0,4.0, SURF_ID='INERT', COLOR='BLUE',
/Table3

&OBST XB= 12.6,12.7, 0.0,4.0, 0.0,3.0, SURF_ID='INERT', /Toilet Wall
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&OBST XB= 0.1,0.2, 0.1,4.0, 3.0,6.0, SURF_ID='INERT', COLOR='RED', / East Wall of Ball Pen
OBST XB= 0.2,3.9, 3.9,4.0, 3.0,6.0, SURF_ID='INERT', COLOR='RED', / North Wall of Ball Pen
&OBST XB= 3.9,4.0, 0.1,4.0, 3.0,6.0, SURF_ID='INERT', COLOR='RED', / West Wall of Ball Pen
&OBST XB= 0.2,3.9, 0.1,0.2, 3.0,6.0, SURF_ID='INERT', COLOR='RED', / South Wall of Ball Pen
&OBST XB= 0.1,0.2,
Playground
&OBST XB= 0.2,7.9,
Playground
&OBST XB= 7.9,8.0,
Playground
&OBST XB= 3.9,7.9,
Playground

3.9,11.4, 3.0,6.0, SURF_ID='INERT', COLOR='RED', / East Wall of
11.3,11.4, 3.0,6.0, SURF_ID='INERT', COLOR='RED', / North Wall of
3.9,11.4, 3.0,6.0, SURF_ID='INERT', COLOR='RED', / West Wall of
3.9,4.0, 3.0,6.0, SURF_ID='INERT', COLOR='RED', / South Wall of

OBST XB= 15.9,17.2, 0.2,4.2, 3.0,6.0, SURF_ID='INERT', COLOR='RED',
&OBST XB= 5.3,5.4,
3'
&OBST XB= 5.4,7.8,
3'
&OBST XB= 7.8,7.9,
3'
&OBST XB= 5.4,6.8,
3'

/Stair up (unused)

12.9,15.5, 3.0,4.0, SURF_ID='INERT', COLOR='BLUE', / East Wall of under
15.4,15.5, 3.0,4.0, SURF_ID='INERT', COLOR='BLUE', / North Wall of under
12.9,15.5, 3.0,4.0, SURF_ID='INERT', COLOR='BLUE', / West Wall of under
12.9,13.0, 3.0,4.0, SURF_ID='INERT', COLOR='BLUE', / South Wall of under

&OBST XB= 0.0,0.1, 15.5,17.6, 0.0,3.0, SURF_ID='INERT', COLOR='RED', / East Wall of Drive
G12 & office
&OBST XB= 0.1,12.7, 17.5,17.6, 0.0,3.0, SURF_ID='INERT', COLOR='RED', / North Wall of Drive
G12 & office
&OBST XB= 12.7,12.8, 15.5,17.6, 0.0,3.0, SURF_ID='INERT', COLOR='RED', / West Wall of Drive
G12 & office
&OBST XB= 0.1,12.7, 15.5,15.6, 0.0,3.0, SURF_ID='INERT', COLOR='RED', / South Wall of Drive
G12 & office
&OBST XB= 10.0,10.1, 14.4,17.6, 0.0,3.0, SURF_ID='INERT',
/West Wall - office G08
&OBST XB= 11.1,12.1, 14.4,14.5, 0.0,3.0, SURF_ID='INERT',
/South Wall - office G08
&OBST XB= 12.8,12.9, 14.4,17.6, 0.0,3.0, SURF_ID='INERT',
/East Wall - office G09

&OBST XB= 0.0,0.1, 15.5,17.6, 0.0,3.0, SURF_ID='INERT', COLOR='RED', / East Wall of Drive
G12
&OBST XB= 0.1,10.0, 17.5,17.6, 0.0,3.0, SURF_ID='INERT', COLOR='RED', / North Wall of Drive
G12
&OBST XB= 10.0,10.1, 15.5,17.6, 0.0,3.0, SURF_ID='INERT', COLOR='RED', / West Wall of Drive
G12
&OBST XB= 0.1,10.0, 15.5,15.6, 0.0,3.0, SURF_ID='INERT', COLOR='RED', / South Wall of Drive
G12
Ceiling slab
OBST XB= 0.0,26.2,
Staircase shaft
&OBST XB= 14.0,14.1,
Staircase Shaft
&OBST XB= 14.1,16.7,
Staircase Shaft
&OBST XB= 16.7,16.8,
Staircase Shaft
&OBST XB= 14.1,16.7,
Staircase Shaft

0.0,11.6,

3.0,3.2, SURF_ID='INERT' / Ground Floor Ceiling

0.1,4.9, 0.0,6.0, SURF_ID='INERT', COLOR='BLACK', / East Wall of
4.8,4.9, 0.0,6.0, SURF_ID='INERT', COLOR='BLACK', / North Wall of
0.1,4.9, 0.0,6.0, SURF_ID='INERT', COLOR='BLACK', / West Wall of
0.1,0.2, 0.0,6.0, SURF_ID='INERT', COLOR='BLACK', / South Wall of
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&OBST XB= 12.8,15.4, 6.0,6.1, 0.0,3.0, SURF_ID='INERT', COLOR='BLACK', / North Wall of
Staircase Lobby
&OBST XB= 15.4,15.5, 4.9,6.1, 0.0,3.0, SURF_ID='INERT', COLOR='BLACK', / East Wall of
Staircase Lobby
&OBST XB= 12.8,14.0, 0.8,0.9, 0.0,3.0, SURF_ID='INERT', COLOR='BLACK', / South Wall of
Staircase Lobby
******************* Staircase Core & STRS *******************
Create the staircase core
&MESH IJK= 26,46,1, XB= 14.1,16.7, 0.2,4.8,
0.0,6.0, ID='Staircase_Mesh',
EVAC_Z_OFFSET= 0.50, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE. /
&OBST XB= 15.2,15.6, 1.3,4.5, 0.0,6.0, COLOR='RED', EVACUATION=.TRUE.,
PERMIT_HOLE=.FALSE.,
MESH_ID='Staircase_Mesh', / Core
&HOLE XB= 14.09,16.71, 1.3,4.3, -0.01,6.01, EVACUATION=.TRUE.,
MESH_ID='Staircase_Mesh', / For staircase excluding landing
*STRS parameters*
&STRS ID='Strs'
XB= 14.1,16.7, 0.2,4.8, 0.0,6.0,
XB_CORES(1,:)= 15.2,15.6, 1.3,4.5, 0.0,6.0,
RIGHT_HANDED=.TRUE., MESH_ID='Staircase_Mesh',
VERTICAL_LANDING_SEPARATION=1.5, N_LANDINGS=3,
XB_LANDINGS( 1,:)= 14.1,16.7, 4.5,4.8, 0.4,0.6,
XB_LANDINGS( 2,:)= 14.1,16.7, 0.2,1.3, 1.9,2.1,
XB_LANDINGS( 3,:)= 14.1,16.7, 4.5,4.8, 3.4,3.6,
FAC_V0_UP=0.4, FAC_V0_DOWN=0.60, FAC_V0_HORI=1.0, /

********* Below is the Ground Floor Exit ***************
&EXIT ID='GroundExit1', IOR=2,
FYI= 'Main Exit/Entry',
COLOR='YELLOW',
XYZ= 14.0, 15.2, 2.0, VENT_FFIELD= 'GroundExit1_Mesh',
XB= 13.5,14.5, 15.4,15.4, 0.4,0.6, /
&VENT XB= 13.5,14.5, 15.4,15.4, 0.4,0.6, SURF_ID='OUTFLOW', MESH_ID='GroundExit1_Mesh',
EVACUATION=.TRUE./ GF exit
&VENT XB= 13.5,14.5, 15.4,15.4, 0.4,0.6, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE./ GF exit
&EXIT ID='GroundExit2', IOR=1,
FYI= 'Outdoor Dinning Area Exit',
COLOR='YELLOW',
XYZ= 20.2, 2.5, 2.0, VENT_FFIELD= 'GroundExit2_Mesh',
XB= 20.4,20.4, 2.0,3.0, 0.4,0.6, /
&VENT XB= 20.4,20.4, 2.0,3.0, 0.4,0.6, SURF_ID='OUTFLOW', MESH_ID='GroundExit2_Mesh',
EVACUATION=.TRUE./ GF exit
&VENT XB= 20.4,20.4, 2.0,3.0, 0.4,0.6, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE./ GF exit
&EXIT ID='GroundExit3', IOR=-1,
FYI= 'Kitchen Exit',
COLOR='YELLOW',
XYZ= 0.2, 12.1, 2.0, VENT_FFIELD= 'GroundExit3_Mesh',
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XB= 0.2,0.2, 11.6,12.6, 0.4,0.6, /
&VENT XB= 0.2,0.2, 11.6,12.6, 0.4,0.6, SURF_ID='OUTFLOW', MESH_ID='GroundExit3_Mesh',
EVACUATION=.TRUE./ GF exit
&VENT XB= 0.2,0.2, 11.6,12.6, 0.4,0.6, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE./ GF exit
&EXIT ID='GroundExit4', IOR=-2,
FYI= 'Staircase Lobby Exit',
COLOR='YELLOW',
XYZ= 13.4, 1.0, 2.0, VENT_FFIELD= 'GroundExit4_Mesh',
XB= 12.9,13.9, 0.9,0.9, 0.4,0.6, /
&VENT XB= 12.9,13.9, 0.9,0.9, 0.4,0.6, SURF_ID='OUTFLOW', MESH_ID='GroundExit4_Mesh',
EVACUATION=.TRUE./ GF exit
&VENT XB= 12.9,13.9, 0.9,0.9, 0.4,0.6, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE./ GF exit
********* Below is the Upper Floor Exit ***************
EXIT ID='UpperExit1', IOR=2,
FYI= 'Dummy Counter for External Staircase Exit',
COUNT_ONLY=.TRUE.,
XYZ= 8.9, 15.0, 2.0, VENT_FFIELD= 'UpperExit1_Mesh',
XB= 8.4,9.4, 15.4,15.4, 3.4,3.6, / Counter set up to be replaced by the real exit

&EXIT ID='UpperExit1', IOR=2,
FYI= 'External Staircase Exit',
COLOR='YELLOW',
XYZ= 8.9, 15.0, 2.0, VENT_FFIELD= 'UpperExit1_Mesh',
XB= 8.4,9.4, 15.4,15.4, 3.4,3.6, /
&VENT XB= 8.4,9.4, 15.4,15.4, 3.4,3.6, SURF_ID='OUTFLOW', MESH_ID='UpperExit1_Mesh',
EVACUATION=.TRUE./ GF exit
&VENT XB= 8.4,9.4, 15.4,15.4, 3.4,3.6, SURF_ID='OUTFLOW', MESH_ID='UpperFloor',
EVACUATION=.TRUE./ GF exit

********* Counter for Office and Playground*********
&HOLE XB= 7.89,8.01, 7.2,8.2, 3.0,5.0, /Door for Playground
&EXIT ID='Playground', IOR=1,
FYI= 'Counter for Playground at Upper Level',
COUNT_ONLY=.TRUE.,
XB= 8.0,8.0, 7.2,8.2, 3.4,3.6, /To record the timing for Playground
&HOLE XB= 10.1,12.6, 15.39,15.61, 0.0,2.0, / Office Wall by the external boundary
&EXIT ID='GrdOffice', IOR=-2,
FYI= 'Counter for Ground Level Office',
COUNT_ONLY=.TRUE.,
XB= 10.1,11.1, 14.4,14.4, 0.4,0.6, /To record the timing for Office
&HOLE XB= 5.0,6.0, 15.39,15.61, 0.4,0.6, / Door for Drive G12
************** Floors to Staircase **********
&DOOR ID='UpperStairIn',IOR=-2

,
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FYI = 'Comment line', MESH_ID='UpperFloor', VENT_FFIELD='UpperExit2_Mesh'
TO_NODE='Staircase_Mesh', EXIT_SIGN=.TRUE., KEEP_XY=.FALSE., COLOR='GREEN',
HEIGHT=2.0,
FLOW_FIELD_ID= 'UpperExit2_Mesh', XYZ= 16.1, 5.0, 2.0,
XB= 15.6,16.7, 4.9,4.9, 3.4,3.6, /
&VENT XB= 15.6,16.7, 4.9,4.9, 3.4,3.6, SURF_ID='OUTFLOW', MESH_ID= 'UpperFloor',
EVACUATION=.TRUE./ Staircase exit
&VENT XB= 15.6,16.7, 4.9,4.9, 3.4,3.6, SURF_ID='OUTFLOW', MESH_ID= 'UpperExit2_Mesh',
EVACUATION=.TRUE./ Staircase exit

************** Ground Floor Staircase to Ground Floor Mesh**********
&DOOR ID='GFStairOut',IOR=-2,
FYI = 'Comment line', MESH_ID='GroundFloor', COLOR='WHITE',
TO_NODE='Staircase_Mesh', EXIT_SIGN=.FALSE.,
HEIGHT=2.0, XYZ=14.6,5.0,2.0,
XB= 14.1,15.2, 4.8,4.8, 0.4,0.6, /
&HOLE XB= 14.1,15.2, 4.79, 4.91, 0.0,2.0, EVACUATION=.TRUE./

An evacuation hole, do not put agents inside the internal stairwell
&EVHO ID='Evho_Staircase',
FYI='Staircase Block and Lift Shaft',
XB= 12.8,16.8,
0,6.0, 0.4,0.6, /
&EVHO ID='Evho_1',
FYI='Staircase Block and Lift Shaft', MESH_ID='UpperFloor',
XB= 12.8,16.8,
0.0,5.0, 3.4,3.6, /
An evacuation hole, do not put agents near to an exit
&EVHO ID='Evho_UpperExit1',
FYI='Upper Exit 1',
XB= 8.0,10.2,
14.0,15.4,
3.4,3.6, /
&EVHO ID='Evho_UpperStairDoor',
FYI='Exit to Internal Staircase',
XB= 12.1,17.0,
5.0,6.4, 3.4,3.6, /
&EVHO ID='Evho_UpperToilet',
FYI='Area near Upper Level toilet',
XB= 4.0,7.9,0.2,4.0, 3.4,3.6, /
Next lines could be used to plot the evacuation flow fields:
SLCF PBZ=0.0, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /
SLCF PBZ=3.4, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /
SLCF PBZ=6.0, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /
SLCF PBZ=9.0, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /

************* Evacuation calculation, human properties ***************
COLOR_METHOD: How Smokeview draws humans:
-1: (default) Default colors in Smokeview
0: The color given at the EVAC/ENTR-line
3: The color given at the PERS-line
4: The color of the target door

A-22

&PERS ID='Grownup',
FYI='Male+Female diameter and velocity',
DEFAULT_PROPERTIES='Adult',
VELOCITY_DIST=0, VEL_MEAN=1.19,
TDET_SMOKE_DENS=0.1 , HUMAN_SMOKE_HEIGHT=1.60,
OUTPUT_SPEED=.TRUE., COLOR_METHOD= 0 /
&PERS ID='Children',
FYI='Child diameter and velocity',
DEFAULT_PROPERTIES='Child',
VELOCITY_DIST=0, VEL_MEAN=0.84,/
TDET_SMOKE_DENS=0.1 , HUMAN_SMOKE_HEIGHT=1.0,
OUTPUT_SPEED=.TRUE., COLOR_METHOD= 0 /

************* Initial positions of the agents *************
&EVAC ID= 'KitchenStaff',
NUMBER_INITIAL_PERSONS = 12,
XB = 0.2, 12.1,
0.2, 14.4,
0.4,0.6,
AVATAR_COLOR = 'RED',
KNOWN_DOOR_NAMES = 'GroundExit3',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=30,
PERS_ID = 'Grownup' / 30 pre-movement

&EVAC ID= 'KitchenStaff_G12',
NUMBER_INITIAL_PERSONS = 2,
XB = 0.2, 10.0,
15.6, 17.5,
0.4,0.6,
AVATAR_COLOR = 'RED',
KNOWN_DOOR_NAMES = 'GroundExit3',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=30,
PERS_ID = 'Grownup' / 30 pre-movement
&EVAC ID= 'OfficeStaff',
NUMBER_INITIAL_PERSONS = 1,
XB = 10.1, 12.7,
14.5, 17.5,
0.4,0.6,
AVATAR_COLOR = 'BLACK',
KNOWN_DOOR_NAMES = 'GroundExit3',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' / 60 pre-movement
&EVAC ID= 'CustomerGF1',
NUMBER_INITIAL_PERSONS = 30,
XB = 12.8, 20.4,
3.0, 14.2,
0.4,0.6,
AVATAR_COLOR = 'YELLOW',
KNOWN_DOOR_NAMES = 'GroundExit1',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=30,
PERS_ID = 'Grownup' / 30 pre-movement
&EVAC ID= 'CustomerGF2',
NUMBER_INITIAL_PERSONS = 30,
XB = 12.8, 20.4,
3.0, 14.2,
0.4,0.6,
AVATAR_COLOR = 'GREEN',
KNOWN_DOOR_NAMES = 'GroundExit2',
KNOWN_DOOR_PROBS = 1.0,
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PRE_EVAC_DIST=0,PRE_MEAN=30,
PERS_ID = 'Grownup' / 30 pre-movement
&EVAC ID= 'CustomerUpper1',
NUMBER_INITIAL_PERSONS = 49,
XB = 8.2, 20.4,
0.2, 15.4,
3.4,3.6,
AVATAR_COLOR = 'GREEN',
KNOWN_DOOR_NAMES = 'UpperExit1',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' / 60 pre-movement
&EVAC ID= 'CustomerUpper2',
NUMBER_INITIAL_PERSONS = 48,
XB = 8.2, 20.4,
0.2, 15.4,
3.4,3.6,
AVATAR_COLOR = 'BLUE',
KNOWN_DOOR_NAMES = 'UpperStairIn', 'GroundExit4',
KNOWN_DOOR_PROBS = 1.0, 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' / 60 pre-movement
&EVAC ID= 'ChildrenUpper1',
NUMBER_INITIAL_PERSONS = 9,
XB = 0.2, 7.9,
0.2, 11.4,
3.4,3.6,
AVATAR_COLOR = 'RED',
KNOWN_DOOR_NAMES = 'UpperExit1',
KNOWN_DOOR_PROBS = 1.0
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' / 60 pre-movement
&EVAC ID= 'ChildrenUpper2',
NUMBER_INITIAL_PERSONS = 10,
XB = 0.2, 7.9,
0.2, 11.4,
3.4,3.6,
AVATAR_COLOR = 'BLACK', FLOW_FIELD_ID= 'UpperExit2_Mesh',
KNOWN_DOOR_NAMES = 'UpperStairIn', 'GroundExit4',
KNOWN_DOOR_PROBS = 1.0, 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' / 60 pre-movement
&TAIL /
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A.4 Sport and Recreation Centre
FDS+Evac version: FDS 5.5.3, Evac 2.3.1
All material properties etc. are completely fabricated.
&HEAD CHID='sport-stadium', TITLE='Sport and Recreation Complex' /
Now just the evacuation geometry is specified. No fire mesh at all.
MESH IJK=540, 610, 30, XB= 0.0,54.0, 0.0,61.0, 0.0,6.0, ID='FireMesh' / dx = dy = dz = 0.2
MESH IJK=540, 610, 30, XB= 0.0,54.0, 0.0,61.0, 0.0,6.0, ID='FireMesh' / dx = dy = 0.1 m, dz = 0.2
Evacuation Mesh dx = dy = 0.1 m
&MESH IJK=310, 610, 1, XB= 0.0,31.0, 0.0,61.0, 0.4,0.6,
EVAC_Z_OFFSET=0.5, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE., ID='GroundFloor'
/
&MESH IJK=224, 402, 1, XB= 31.1,53.5 13.4,53.6, 0.4,0.6,
EVAC_Z_OFFSET=0.5, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE.,
ID='StadiumFloor' /
&MESH IJK=40, 408, 1, XB= 28.6,32.6, 13.4,54.2, 3.4,3.6,
EVAC_Z_OFFSET=0.5, EVACUATION=.TRUE., EVAC_HUMANS=.TRUE., ID='InterFloor' /
============== Exit Mesh at Ground Floor ==============
&MESH IJK=310, 610, 1, XB= 0.0,31.0, 0.0,61.0, 0.4,0.6,
EVACUATION=.TRUE., ID='StairExit_Mesh'/ Ground Floor Stair Exit 1 mesh (North Exit)
&MESH IJK=310, 610, 1, XB= 0.0,31.0, 0.0,61.0, 0.4,0.6,
EVACUATION=.TRUE., ID='FoyerExit1_Mesh'/ Ground Floor Foyer Exit 1 mesh (North Exit)
&MESH IJK=310, 610, 1, XB= 0.0,31.0, 0.0,61.0, 0.4,0.6,
EVACUATION=.TRUE., ID='FoyerExit2_Mesh'/ Ground Floor Foyer Exit 2 mesh (South Exit)
&MESH IJK=310, 610, 1, XB= 0.0,31.0, 0.0,61.0, 0.4,0.6,
EVACUATION=.TRUE., ID='FunctionExit2_Mesh'/ Ground Floor Function Exit 2 mesh (East
Exit)
&MESH IJK=310, 610, 1, XB= 0.0,31.0, 0.0,61.0, 0.4,0.6,
EVACUATION=.TRUE., ID='FunctionExit3_Mesh'/ Ground Floor Function Exit 3 mesh (South
Exit)
&MESH IJK=310, 610, 1, XB= 0.0,31.0, 0.0,61.0, 0.4,0.6,
EVACUATION=.TRUE., ID='FoyerExit2_Mesh'/ Ground Floor Foyer Exit 2 mesh (South Exit)
&MESH IJK=310, 610, 1, XB= 0.0,31.0, 0.0,61.0, 0.4,0.6,
EVACUATION=.TRUE., ID='LoungeExit1_Mesh'/ Ground Floor Lounge Exit 1 mesh (North
Exit)
&MESH IJK=310, 610, 1, XB= 0.0,31.0, 0.0,61.0, 0.4,0.6,
EVACUATION=.TRUE., ID='LoungeExit2_Mesh'/ Ground Floor Lounge Exit 2 mesh (South
Exit)
============== Exit Mesh for Stadium ==============
&MESH IJK=224, 402, 1, XB= 31.1,53.5 13.4,53.6, 0.4,0.6,
EVACUATION=.TRUE., ID='StadiumExit1_Mesh'/ Ground Floor Stadium Exit 1 mesh
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&MESH IJK=224, 402, 1, XB= 31.1,53.5 13.4,53.6, 0.4,0.6,
EVACUATION=.TRUE., ID='StadiumExit2_Mesh'/ Ground Floor Stadium Exit 2 mesh
&MESH IJK=224, 402, 1, XB= 31.1,53.5 13.4,53.6, 0.4,0.6,
EVACUATION=.TRUE., ID='StadiumExit3_Mesh'/ Ground Floor Stadium Exit 3 mesh

============== Upper level Exit Mesh ==============
&MESH IJK=40, 408, 1, XB= 28.6,32.6, 13.4,54.2, 3.4,3.6,
EVACUATION=.TRUE., ID='StairsExit1_Mesh' / Intermediate Floor Staircase Exit 1 mesh
(North Exit)
&MESH IJK=40, 408, 1, XB= 28.6,32.6, 13.4,54.2, 3.4,3.6,
EVACUATION=.TRUE., ID='StairsExit2_Mesh' / Intermediate Floor Staircase Exit 2 mesh
(South Exit)

============== ============== ==============
&TIME T_END=250.00/
&MISC SURF_DEFAULT='INERT',
RADIATION=.FALSE.,
EVACUATION_MC_MODE=.TRUE.,
EVAC_SURF_DEFAULT='EVAC_WALL' /
Note: Now now fire meshes: RADIATION=.FALSE. saves some CPU time and memory
&DUMP SMOKE3D=.FALSE.,
NFRAMES=200,
DT_PART=0.5,
DT_HRR=1.0,
DT_SLCF=1000000.0,
DT_BNDF=1000000.0,
DT_PL3D=1000000.0,
DT_ISOF=1000000.0 /
Boundary condition for the evacuation flow fields:
&SURF ID='OUTFLOW', VEL= +0.000001, TAU_V=0.1, COLOR='GREEN' /
Default material for evacuation meshes is INERT and its color
can not be changed esily in Smokeview. Thus, an evacuation
material is defined below, which has only color:
&SURF ID='EVAC_WALL', COLOR='INVISIBLE' / or COLOR
============== Outer Wall of 200mm thickness
&OBST XB= 0.00,0.20, 0.00,60.80, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Outer West Wall
&OBST XB= 0.20,20.00, 60.80,61.00, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Outer North Wall
&OBST XB= 20.00,22.50, 56.40,56.60, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Foyer
- North Wall
&OBST XB= 22.50,22.70, 54.20,56.60, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Foyer
- East Wall
&OBST XB= 22.50,53.60, 54.00,54.20, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Stadium - North Wall
&OBST XB= 53.40,53.60, 13.40,54.20, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Stadium - East Wall
&OBST XB= 29.50,53.40, 13.40,13.60, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Stadium - South Wall
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&OBST XB= 29.30,29.50, 12.10,13.40, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Reception - East Wall
&OBST XB= 21.50,29.30, 12.10,12.30, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Foyer
- South Wall
&OBST XB= 21.30,21.50, 0.20,22.60, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Function Centre - East Wall
&OBST XB= 0.20,21.30, 0.00,0.20, 0.00,3.00, SURF_ID='INERT', COLOR='BLACK',
/Function
Centre - South Wall
&OBST XB= 24.30,24.50,
of Intermediate Floor
&OBST XB= 24.50,32.40,
of Intermediate Floor
&OBST XB= 32.40,32.60,
of Intermediate Floor
&OBST XB= 24.50,32.40,
of Intermediate Floor

13.20,53.80, 3.00,6.00, SURF_ID='INERT', COLOR='RED', / West Wall
53.60,53.80, 3.00,6.00, SURF_ID='INERT', COLOR='RED', / North Wall
13.20,53.80, 3.00,6.00, SURF_ID='INERT', COLOR='RED', / East Wall
13.20,13.40, 3.00,6.00, SURF_ID='INERT', COLOR='RED', / South Wall

============== Internal Walls
&OBST XB= 18.40,18.50, 17.50,22.50,
Internal Wall
&OBST XB= 27.10,27.20, 12.20,22.00,
/Reception - West Wall
&OBST XB= 27.20,31.00, 18.50,18.60,
/Reception - North Wall
&OBST XB= 27.20,31.00, 22.00,22.10,
/Manager Office - North Wall
&OBST XB= 31.00,31.10, 13.60,54.00,
/Stadium - West Wall
&HOLE XB= 27.09,27.21, 17.30,18.30,
&HOLE XB= 27.09,27.21, 18.80,19.80,

0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
0.00,2.00,
0.00,2.00,

/ Reception Exit Door
/ Manager Office Exit Door

&OBST XB= 19.80,20.00, 22.60,61.00, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
- East Wall
&OBST XB= 9.70,9.80, 25.10,44.80, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
West Wall
&OBST XB= 9.80,19.80, 25.10,25.20, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
South Wall
&OBST XB= 9.80,19.80, 31.70,31.80, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
Internal Wall 1
&OBST XB= 9.80,19.80, 38.10,38.20, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
Internal Wall 2
&OBST XB= 0.20,19.80, 44.80,44.90, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
North Wall
&HOLE XB= 9.70,9.80, 27.90,28.90, 0.00,2.00,
/ Squash Court 3 Door
&HOLE XB= 9.70,9.80, 34.60,35.60, 0.00,2.00,
/ Squash Court 2 Door
&HOLE XB= 9.70,9.80, 40.90,41.90, 0.00,2.00,
/ Squash Court 1 Door
&OBST XB= 0.00,0.00,
East Wall
&OBST XB= 0.20,4.40,
Centre - North Wall
&OBST XB= 0.00,0.00,
&OBST XB= 0.00,0.00,

/Kitchen

0.00,0.00, 0.00,0.00, SURF_ID='INERT', COLOR='BLUE',
20.40,20.50, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
0.00,0.00, 0.00,0.00, ,
0.00,0.00, 0.00,0.00, ,

/Lounge

/Squash /Squash /Squash /Squash /Lounge -

/Lounge /Function

/
/

&OBST XB= 4.30,4.40, 17.40,22.60, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / West Wall of
Kitchen
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&OBST XB= 4.40,21.40, 22.50,22.60, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / North Wall
of Kitchen
&OBST XB= 4.40,21.40, 17.40,17.50, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / South Wall
of Kitchen
&OBST XB= 18.40,18.50, 17.50,22.50, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
/Kitchen
Internal Wall
&HOLE XB= 18.39,18.51, 19.00,20.00, 0.00,2.00,
/ Caterer Office Door
&HOLE XB= 14.40,15.40, 22.49,22.61, 0.00,2.00,
/ Kitchen Exit Door

&OBST XB= 12.40,12.50, 0.10,2.70, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / West Wall of
Meeting Room
&OBST XB= 12.50,21.30, 2.60,2.70, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / North Wall of
Meeting Room
&HOLE XB= 14.20,15.10, 2.59,2.71, 0.00,2.00,
/ Meeting Room Door

&OBST XB= 22.80,22.90, 26.10,48.50, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / West Wall
of Childcare & Gym - West Wall
&OBST XB= 22.90,31.00, 48.40,48.50, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / North Wall
of Childcare & Gym - West Wall
&OBST XB= 22.90,31.00, 26.10,26.20, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / South
Wall of Childcare & Gym - West Wall
&OBST XB= 22.90,31.00,
/Childcare - South Wall
&OBST XB= 22.90,31.00,
South Wall
&OBST XB= 22.90,31.00,
North Wall
&OBST XB= 29.40,29.50,
North Wall
&HOLE XB= 22.79,22.91,
&HOLE XB= 22.79,22.91,

29.80,29.90, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
33.30,33.40, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',

/Gym -

45.70,45.80, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',

/Gym -

33.40,45.70, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',

/Gym -

30.20,31.20, 0.00,2.00,
33.50,34.50, 0.00,2.00,

/ Childcare Exit Door
/ Gym Exit Door 1

&OBST XB= 0.00,0.00, 0.00,0.00, 0.00,0.00, SURF_ID='INERT', COLOR='BLUE',
North Wall

/Reception -

&OBST XB= 23.40,23.50, 24.60,26.20, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / West Wall
of Stair Wall 2
&OBST XB= 23.50,31.00, 24.60,24.70, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / South
Wall of Stair Wall 2

&OBST XB= 22.50,22.60, 50.50,54.10, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / West Wall
of Plant Rm & StairWall 2
&OBST XB= 27.70,27.80, 50.50,52.60, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / East Wall
of Plant Rm & StairWall 2
&OBST XB= 22.60,27.70, 50.50,50.60, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE', / South
Wall of Plant Rm & StairWall 2
&OBST XB= 22.60,31.00, 52.60,52.70, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
/Plant
Internal Wall
&OBST XB= 28.80,31.00, 50.50,50.60, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
/Referees Room - South Room
&OBST XB= 0.00,0.00, 0.00,0.00, 0.00,3.00, SURF_ID='INERT', COLOR='BLUE',
/Reception North Wall
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&OBST XB= 24.40,24.50,
of Intermediate Floor
&OBST XB= 24.50,32.40,
of Intermediate Floor
&OBST XB= 32.40,32.50,
of Intermediate Floor
&OBST XB= 24.50,32.40,
of Intermediate Floor

13.30,53.70, 3.00,6.00, SURF_ID='INERT', COLOR='RED', / West Wall
53.60,53.70, 3.00,6.00, SURF_ID='INERT', COLOR='RED', / North Wall
13.30,53.70, 3.00,6.00, SURF_ID='INERT', COLOR='RED', / East Wall
13.30,13.40, 3.00,6.00, SURF_ID='INERT', COLOR='RED', / South Wall

&HOLE XB= 23.79,24.81, 24.59,24.71, 0.00,2.00,

/ StairWall 2 Exit Door

&HOLE XB= 21.29,21.51, 14.59,16.51, 0.00,2.00,

/ Function Centre Exit Door 1 (To Foyer)

============== Intermediate Floor Seating

&EVSS XB=28.6,29.6, 27.5,51.5, 3.4,3.6, IOR=1, ID='SeatStairs1',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,
HEIGHT=1.5, HEIGHT0=1.5, MESH_ID='InterFloor' /
&EVSS XB=29.6,30.6, 27.5,51.5, 3.4,3.6, IOR=1, ID='SeatStairs2',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,
HEIGHT=1.0, HEIGHT0=1.0, MESH_ID='InterFloor' /
&EVSS XB=30.6,31.6, 27.5,51.5, 3.4,3.6, IOR=1, ID='SeatStairs3',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,
HEIGHT=0.5, HEIGHT0=0.5, MESH_ID='InterFloor' /
&EVSS XB=28.6,29.6, 13.4,23.5, 3.4,3.6, IOR=1, ID='SeatStairs4',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,
HEIGHT=1.5, HEIGHT0=1.5, MESH_ID='InterFloor' /
&EVSS XB=29.6,30.6, 13.4,23.5, 3.4,3.6, IOR=1, ID='SeatStairs5',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,
HEIGHT=1.0, HEIGHT0=1.0, MESH_ID='InterFloor' /
&EVSS XB=30.6,31.6, 13.4,23.5, 3.4,3.6, IOR=1, ID='SeatStairs6',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,
HEIGHT=0.5, HEIGHT0=0.5, MESH_ID='InterFloor' /
&EVSS XB=28.6,31.6, 51.6,52.6, 3.4,3.6, IOR=1, ID='StairsSlope1',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,
HEIGHT=1.5, HEIGHT0=0.0, MESH_ID='InterFloor' /
&EVSS XB=28.6,31.6, 26.2,27.2, 3.4,3.6, IOR=1, ID='StairsSlope2',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,
HEIGHT=1.5, HEIGHT0=0.0, MESH_ID='InterFloor' /
&EVSS XB=28.6,31.6, 23.7,24.7, 3.4,3.6, IOR=1, ID='StairsSlope3',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,
HEIGHT=1.5, HEIGHT0=0.0, MESH_ID='InterFloor' /

******************* Staircase to Intermediate Floor *******************

********North Staircase From Intermediate Floor
&EVSS XB=25.2,30.8, 52.8,53.8, 0.4,0.6, IOR=1, ID='WideStairs1',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,

A-29

HEIGHT=0.0, HEIGHT0=3.0, MESH_ID='GroundFloor' /
&DOOR ID='StairsDoor1', IOR=-1,
FYI= 'Comment line',
VENT_FFIELD='StairsExit1_Mesh', MESH_ID='InterFloor',
KEEP_XY=.TRUE.,
COLOR='PINK', EXIT_SIGN=.TRUE.,
TO_NODE= 'Stairs1Down',
XYZ=31.8, 53.3, 2.0,
XB= 30.8,30.8, 52.8,53.8, 3.4,3.6, /
&DOOR ID='Stairs1Down', IOR=1,
FYI= 'Comment line',
MESH_ID='GroundFloor', EXIT_SIGN=.FALSE.,
FLOW_FIELD_ID= 'GroundFloor',
KEEP_XY=.FALSE.,
COLOR='PINK', TO_NODE= 'GroundFloor',
XYZ=30.8, 53.3, 2.0,
XB= 30.8,30.8, 52.8,53.8, 0.4,0.6, /

&OBST XB= 30.7,30.8, 52.8,53.8, 3.4,3.6, EVACUATION=.TRUE., OUTLINE=.TRUE. / Exit Door 1
OBST
&OBST XB= 28.6,31.6, 54.0,54.2, 3.4,3.6, EVACUATION=.TRUE., OUTLINE=.TRUE. / Staircase 1
North Wall
&OBST XB= 28.6,31.6, 52.8,52.7, 3.4,3.6, EVACUATION=.TRUE., OUTLINE=.TRUE. / Staircase 1
South Wall
&VENT XB= 30.8,30.8, 52.8,53.8, 3.4,3.6, SURF_ID='OUTFLOW', MESH_ID='StairsExit1_Mesh',
EVACUATION=.TRUE./
&VENT XB= 30.8,30.8, 52.8,53.8, 3.4,3.6, SURF_ID='OUTFLOW', MESH_ID='InterFloor',
EVACUATION=.TRUE./

********South Staircase From Intermediate Floor
&EVSS XB=25.2,30.8, 25.0,26.0, 0.4,0.6, IOR=1, ID='WideStairs2',
FAC_V0_UP=0.4, FAC_V0_DOWN=0.7, FAC_V0_HORI=1.0,
HEIGHT=0.0, HEIGHT0=3.0, MESH_ID='GroundFloor' /
&DOOR ID='StairsDoor2', IOR=-1,
FYI= 'Comment line',
VENT_FFIELD='StairsExit2_Mesh', MESH_ID='InterFloor',
KEEP_XY=.TRUE.,
COLOR='PINK', EXIT_SIGN=.TRUE.,
TO_NODE= 'Stairs2Down',
XYZ=31.8, 25.5, 2.0,
XB= 30.8,30.8, 25.0,26.0, 3.4,3.6, /
&DOOR ID='Stairs2Down', IOR=1,
FYI= 'Comment line',
MESH_ID='GroundFloor', EXIT_SIGN=.FALSE.,
FLOW_FIELD_ID= 'GroundFloor',
KEEP_XY=.FALSE.,
COLOR='PINK', TO_NODE= 'GroundFloor',
XYZ=30.8, 25.5, 2.0,
XB= 30.8,30.8, 25.0,26.0, 0.4,0.6, /
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&OBST XB= 30.7,30.8, 25.0,26.0, 3.4,3.6, EVACUATION=.TRUE., OUTLINE=.TRUE. / Exit Door 2
OBST
&OBST XB= 28.6,31.6, 26.1,26.2, 3.4,3.6, EVACUATION=.TRUE., OUTLINE=.TRUE. / Staircase 2
North Wall
&OBST XB= 28.6,31.6, 24.7,24.8, 3.4,3.6, EVACUATION=.TRUE., OUTLINE=.TRUE. / Staircase 2
South Wall

&VENT XB= 30.8,30.8, 25.0,26.0, 3.4,3.6, SURF_ID='OUTFLOW', MESH_ID='StairsExit2_Mesh',
EVACUATION=.TRUE./
&VENT XB= 30.8,30.8, 25.0,26.0, 3.4,3.6, SURF_ID='OUTFLOW', MESH_ID='InterFloor',
EVACUATION=.TRUE./
********* Below is the Ground Floor Exit ***************
&EXIT ID='StairExit1', IOR=2,
FYI= 'Staircase North Exit',
COLOR='YELLOW',
XYZ= 24.0, 53.8, 2.0, VENT_FFIELD= 'StairExit_Mesh',
XB= 23.50,24.50, 54.00,54.00, 0.4,0.6, /
&VENT XB= 23.50,24.50, 54.00,54.00, 0.00,2.00, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE.,
/ StairWall 1 Exit Door
&VENT XB= 23.50,24.50, 54.00,54.00, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='StairExit_Mesh', EVACUATION=.TRUE.,
/ StairWall 1 Exit Door
&EXIT ID='StairWall Exit2', IOR=-2,
FYI= 'Counter for StairWall Exit 2 To Foyer',
COUNT_ONLY=.TRUE.,
XB= 23.8, 24.8, 24.6,24.6, 0.4,0.6, /
=======================
&DOOR ID='StadiumDoor1', IOR=-1,
FYI= 'Stadium West Exit 1',
VENT_FFIELD='StadiumExit1_Mesh', MESH_ID='StadiumFloor',
KEEP_XY=.FALSE.,
COLOR='RED', EXIT_SIGN=.TRUE.,
TO_NODE= 'StadiumEntry1',
XYZ=31.3, 49.5, 2.0,
XB= 31.10,31.10, 48.50,50.40, 0.4,0.6, /
&DOOR ID='StadiumEntry1', IOR=1,
FYI= 'Comment line',
MESH_ID='GroundFloor', EXIT_SIGN=.FALSE.,
FLOW_FIELD_ID= 'GroundFloor',
KEEP_XY=.FALSE.,
COLOR='PINK', TO_NODE= 'GroundFloor',
XYZ=29.8, 49.5, 2.0,
XB= 31.0,31.0, 48.50,50.40, 0.4,0.6, /
&VENT XB= 31.10,31.10, 48.50,50.40, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='StadiumFloor', EVACUATION=.TRUE.,
/ Stadium Exit Door 1
&VENT XB= 31.10,31.10, 48.50,50.40, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='StadiumExit1_Mesh', EVACUATION=.TRUE.,
/ Stadium Exit Door 1

&DOOR ID='StadiumDoor2', IOR=-1,
FYI= 'Stadium West Exit 2',
VENT_FFIELD='StadiumExit2_Mesh', MESH_ID='StadiumFloor',
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KEEP_XY=.FALSE.,
COLOR='RED', EXIT_SIGN=.TRUE.,
TO_NODE= 'StadiumEntry2',
XYZ=31.3, 23.4, 2.0,
XB= 31.10,31.10, 22.40,24.30, 0.4,0.6, /
&DOOR ID='StadiumEntry2', IOR=1,
FYI= 'Comment line',
MESH_ID='GroundFloor', EXIT_SIGN=.FALSE.,
FLOW_FIELD_ID= 'GroundFloor',
KEEP_XY=.FALSE.,
COLOR='PINK', TO_NODE= 'GroundFloor',
XYZ=29.8, 23.4, 2.0,
XB= 31.0,31.0, 22.40,24.30, 0.4,0.6, /
&VENT XB= 31.10,31.10, 22.40,24.30, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='StadiumFloor', EVACUATION=.TRUE.,
/ Stadium Exit Door 2
&VENT XB= 31.10,31.10, 22.40,24.30, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='StadiumExit2_Mesh', EVACUATION=.TRUE.,
/ Stadium Exit Door 2
&EXIT ID='StadiumExit3', IOR=1,
FYI= 'Stadium East Exit',
COLOR='YELLOW',
XYZ= 53.2, 49.9, 2.0, VENT_FFIELD= 'StadiumExit3_Mesh',
XB= 53.40,53.40, 49.00,50.90, 0.4,0.6, /
&VENT XB= 53.40,53.40, 49.00,50.90, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='StadiumFloor', EVACUATION=.TRUE.,
/ Stadium Exit Door 3 (to outside)
&VENT XB= 53.40,53.40, 49.00,50.90, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='StadiumExit3_Mesh', EVACUATION=.TRUE.,
/ Stadium Exit Door 3 (to outside)
=========================
&EXIT ID='FoyerExit1', IOR=2,
FYI= 'Foyer North Exit',
COLOR='YELLOW',
XYZ= 21.3, 56.2, 2.0, VENT_FFIELD= 'FoyerExit1_Mesh',
XB= 20.30,22.20, 56.40,56.40, 0.4,0.6, /
&VENT XB= 20.30,22.20, 56.40,56.40, 0.00,2.00, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE.,
/ Foyer Exit Door 1
&VENT XB= 20.30,22.20, 56.40,56.40, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='FoyerExit1_Mesh', EVACUATION=.TRUE.,
/ Foyer Exit Door 1

&EXIT ID='FoyerExit2', IOR=-2,
FYI= 'Foyer South Exit',
COLOR='YELLOW',
XYZ= 25.5, 12.5, 2.0, VENT_FFIELD= 'FoyerExit2_Mesh',
XB= 24.50,26.40, 12.30,12.30, 0.4,0.6, /

&VENT XB= 24.50,26.40, 12.30,12.30, 0.00,2.00, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE.,
/ Foyer Exit Door 2
&VENT XB= 24.50,26.40, 12.30,12.30, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='FoyerExit2_Mesh', EVACUATION=.TRUE.,
/ Foyer Exit Door 2

&EXIT ID='Function Exit1', IOR=1,
FYI= 'Counter for Function Exit To Foyer',
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COUNT_ONLY=.TRUE.,
XB= 21.3, 21.3, 14.6,16.5, 0.4,0.6, /
&EXIT ID='FunctionExit2', IOR=1,
FYI= 'Staircase North Exit',
COLOR='YELLOW',
XYZ= 21.1, 5.5, 2.0, VENT_FFIELD= 'FunctionExit2_Mesh',
XB= 21.30,21.30, 4.50,6.40, 0.4,0.6, /

&VENT XB= 21.30,21.30, 4.50,6.40, 0.00,2.00, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE.,
/ Function Centre Exit Door 2 (To outside)
&VENT XB= 21.30,21.30, 4.50,6.40, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='FunctionExit2_Mesh', EVACUATION=.TRUE.,
/ Function Centre Exit Door 2 (To
outside)
&EXIT ID='FunctionExit3', IOR=-2,
FYI= 'Staircase North Exit',
COLOR='YELLOW',
XYZ= 2.0, 0.4, 2.0, VENT_FFIELD= 'FunctionExit3_Mesh',
XB= 1.00,2.90, 0.20,0.20, 0.4,0.6, /

&VENT XB= 1.00,2.90, 0.20,0.20, 0.00,2.00, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE.,
/ Function Centre Exit Door 3 (To outside)
&VENT XB= 1.00,2.90, 0.20,0.20, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='FunctionExit3_Mesh', EVACUATION=.TRUE.,
/ Function Centre Exit Door 3 (To
outside)

&EXIT ID='LoungeExit1', IOR=-1,
FYI= 'Lounge North Exit',
COLOR='YELLOW',
XYZ= 0.4, 28.0, 2.0, VENT_FFIELD= 'LoungeExit1_Mesh',
XB= 0.20,0.20, 27.00,28.90, 0.4,0.6, /
&VENT XB= 0.20,0.20, 27.00,28.90, 0.00,2.00, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE.,
/ Lounge Exit Door 1
&VENT XB= 0.20,0.20, 27.00,28.90, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='LoungeExit1_Mesh', EVACUATION=.TRUE.,
/ Lounge Exit Door 1

&EXIT ID='LoungeExit2', IOR=-1,
FYI= 'Lounge South Exit',
COLOR='YELLOW',
XYZ= 0.4, 42.5, 2.0, VENT_FFIELD= 'LoungeExit2_Mesh',
XB= 0.20,0.20, 41.50,43.40, 0.4,0.6, /
&VENT XB= 0.20,0.20, 41.50,43.40, 0.00,2.00, SURF_ID='OUTFLOW', MESH_ID='GroundFloor',
EVACUATION=.TRUE.,
/ Lounge Exit Door 2
&VENT XB= 0.20,0.20, 41.50,43.40, 0.00,2.00, SURF_ID='OUTFLOW',
MESH_ID='LoungeExit2_Mesh', EVACUATION=.TRUE.,
/ Lounge Exit Door 2
************** Floors to Staircase **********
An evacuation hole, do not put agents inside the stairwells at Intermediate Floor
&EVHO ID='Evho_Staircase1',
FYI='Staircase Block 1',
XB= 28.6,32.6, 51.6,54.2, 3.4,3.6, /
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&EVHO ID='Evho_Staircase2',
FYI='Staircase Block 2',
XB= 28.6,32.6, 23.7,27.2, 3.4,3.6, /

Next lines could be used to plot the evacuation flow fields:
SLCF PBZ=0.5, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /
SLCF PBZ=3.5, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /
SLCF PBZ=6.0, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /
SLCF PBZ=9.0, QUANTITY='VELOCITY', VECTOR=.TRUE., EVACUATION=.TRUE. /
************* Evacuation calculation, human properties ***************
COLOR_METHOD: How Smokeview draws humans:
-1: (default) Default colors in Smokeview
0: The color given at the EVAC/ENTR-line
3: The color given at the PERS-line
4: The color of the target door
&PERS ID='Grownup',
FYI='Male+Female diameter and velocity',
DEFAULT_PROPERTIES='Adult',
VELOCITY_DIST=0, VEL_MEAN=1.19,
TDET_SMOKE_DENS=0.1 , HUMAN_SMOKE_HEIGHT=1.60,
OUTPUT_SPEED=.TRUE., COLOR_METHOD= 0 /

************* Initial positions of the agents *************
&EVAC ID= 'InterFloorSpectators1',
NUMBER_INITIAL_PERSONS = 50,
XB = 28.6,32.6, 35.0,50.0, 3.4,3.6,
AVATAR_COLOR = 'RED',
KNOWN_DOOR_NAMES = 'StairExit1', 'StairsDoor1'
KNOWN_DOOR_PROBS = 1.0, 1.0
PRE_EVAC_DIST=0,PRE_MEAN=21,
PERS_ID = 'Grownup' /
&EVAC ID= 'InterFloorSpectators2',
NUMBER_INITIAL_PERSONS = 25,
XB = 28.6,32.6, 13.6,50.0, 3.4,3.6,
AVATAR_COLOR = 'BLACK',
KNOWN_DOOR_NAMES = 'FoyerExit1', 'StairsDoor2'
KNOWN_DOOR_PROBS = 1.0, 1.0
PRE_EVAC_DIST=0,PRE_MEAN=21,
PERS_ID = 'Grownup' /
&EVAC ID= 'InterFloorSpectators3',
NUMBER_INITIAL_PERSONS = 25,
XB = 28.6,32.6, 13.6,50.0, 3.4,3.6,
AVATAR_COLOR = 'PINK',
KNOWN_DOOR_NAMES = 'FoyerExit2', 'StairsDoor2'
KNOWN_DOOR_PROBS = 1.0, 1.0
PRE_EVAC_DIST=0,PRE_MEAN=21,
PERS_ID = 'Grownup' /
&EVAC ID= 'Stadium_Gp1',
NUMBER_INITIAL_PERSONS = 104,
XB = 33.0,51.0, 14.0,53.0, 0.4,0.6,
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AVATAR_COLOR = 'BLUE',
KNOWN_DOOR_NAMES = 'StadiumDoor1', 'FoyerExit1',
KNOWN_DOOR_PROBS = 1.0, 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=21,
PERS_ID = 'Grownup' /
&EVAC ID= 'Stadium_Gp2',
NUMBER_INITIAL_PERSONS = 103,
XB = 33.0,51.0, 14.0,53.0, 0.4,0.6,
AVATAR_COLOR = 'GREEN',
KNOWN_DOOR_NAMES = 'StadiumDoor2', 'FoyerExit2',
KNOWN_DOOR_PROBS = 1.0, 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=21,
PERS_ID = 'Grownup' /
&EVAC ID= 'Stadium_Gp3',
NUMBER_INITIAL_PERSONS = 103,
XB = 33.0,51.0, 14.0,53.0, 0.4,0.6,
AVATAR_COLOR = 'RED',
KNOWN_DOOR_NAMES = 'StadiumExit3',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=21,
PERS_ID = 'Grownup' /
&EVAC ID= 'Referees',
NUMBER_INITIAL_PERSONS = 2,
XB = 28.0,30.8, 50.6,52.0, 0.4,0.6,
AVATAR_COLOR = 'PINK',
KNOWN_DOOR_NAMES = 'FoyerExit1',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Gymnasium_Gp1',
NUMBER_INITIAL_PERSONS = 15,
XB = 23.0,29.0, 33.6,45.4, 0.4,0.6,
AVATAR_COLOR = 'NAVY',
KNOWN_DOOR_NAMES = 'FoyerExit1',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Gymnasium_Gp2',
NUMBER_INITIAL_PERSONS = 15,
XB = 23.0,29.0, 33.6,45.4, 0.4,0.6,
AVATAR_COLOR = 'WHITE',
KNOWN_DOOR_NAMES = 'FoyerExit2',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Childcare_Gp1',
NUMBER_INITIAL_PERSONS = 4,
XB = 23.0,30.6, 30.2,33.0, 0.4,0.6,
AVATAR_COLOR = 'ORANGE',
KNOWN_DOOR_NAMES = 'FoyerExit1',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
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&EVAC ID= 'Childcare_Gp2',
NUMBER_INITIAL_PERSONS = 3,
XB = 23.0,30.6, 30.2,33.0, 0.4,0.6,
AVATAR_COLOR = 'GRAY',
KNOWN_DOOR_NAMES = 'FoyerExit2',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Manager',
NUMBER_INITIAL_PERSONS = 2,
XB = 27.4,30.8, 18.8,21.8, 0.4,0.6,
AVATAR_COLOR = 'BROWN',
KNOWN_DOOR_NAMES = 'FoyerExit2',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Receptist',
NUMBER_INITIAL_PERSONS = 2,
XB = 27.4,30.8, 14.8,18.0, 0.4,0.6,
AVATAR_COLOR = 'CHOCOLATE',
KNOWN_DOOR_NAMES = 'FoyerExit2',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Function_Gp1',
NUMBER_INITIAL_PERSONS = 51,
XB = 1.0,19.0, 3.0,17.0, 0.4,0.6,
AVATAR_COLOR = 'WHITE',
KNOWN_DOOR_NAMES = 'FoyerExit1',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Function_Gp4',
NUMBER_INITIAL_PERSONS = 50,
XB = 1.0,19.0, 3.0,17.0, 0.4,0.6,
AVATAR_COLOR = 'WHITE',
KNOWN_DOOR_NAMES = 'FoyerExit2',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Function_Gp2',
NUMBER_INITIAL_PERSONS = 100,
XB = 1.0,19.0, 3.0,17.0, 0.4,0.6,
AVATAR_COLOR = 'BLACK',
KNOWN_DOOR_NAMES = 'FunctionExit2',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Function_Gp3',
NUMBER_INITIAL_PERSONS = 100,
XB = 1.0,19.0, 3.0,17.0, 0.4,0.6,
AVATAR_COLOR = 'BLUE',
KNOWN_DOOR_NAMES = 'FunctionExit3',
KNOWN_DOOR_PROBS = 1.0,
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PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Meeting_Gp',
NUMBER_INITIAL_PERSONS = 4,
XB = 13.0,21.0, 0.6,2.0, 0.4,0.6,
AVATAR_COLOR = 'YELLOW',
KNOWN_DOOR_NAMES = 'FunctionExit2',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Lounge_Gp1',
NUMBER_INITIAL_PERSONS = 113,
XB = 2.5,9.5, 23.0,44.0, 0.4,0.6,
AVATAR_COLOR = 'GREEN',
KNOWN_DOOR_NAMES = 'LoungeExit1',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Squash_Rm1',
NUMBER_INITIAL_PERSONS = 2,
XB = 10.0,19.0, 38.6,44.0, 0.4,0.6,
AVATAR_COLOR = 'YELLOW',
KNOWN_DOOR_NAMES = 'LoungeExit1',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Squash_Rm2',
NUMBER_INITIAL_PERSONS = 2,
XB = 10.0,19.0, 32.0,38.0, 0.4,0.6,
AVATAR_COLOR = 'YELLOW',
KNOWN_DOOR_NAMES = 'LoungeExit1',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Squash_Rm3',
NUMBER_INITIAL_PERSONS = 2,
XB = 10.0,19.0, 25.6,31.0, 0.4,0.6,
AVATAR_COLOR = 'YELLOW',
KNOWN_DOOR_NAMES = 'LoungeExit1',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Lounge_Gp2',
NUMBER_INITIAL_PERSONS = 109,
XB = 2.5,9.5, 23.0,44.0, 0.4,0.6,
AVATAR_COLOR = 'PINK',
KNOWN_DOOR_NAMES = 'LoungeExit2',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Cat_Office',
NUMBER_INITIAL_PERSONS = 2,
XB = 19.0,21.0, 17.8,22.0, 0.4,0.6,
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AVATAR_COLOR = 'PINK',
KNOWN_DOOR_NAMES = 'LoungeExit2',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /
&EVAC ID= 'Kitchen',
NUMBER_INITIAL_PERSONS = 8,
XB = 5.0,18.4, 17.8,22.0, 0.4,0.6,
AVATAR_COLOR = 'PINK',
KNOWN_DOOR_NAMES = 'LoungeExit2',
KNOWN_DOOR_PROBS = 1.0,
PRE_EVAC_DIST=0,PRE_MEAN=60,
PERS_ID = 'Grownup' /

&TAIL /
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Appendix B – EvacuatioNZ Input Files
B.1 Cinema Complex
B.1.1 MAP File
<EvacuatioNZ_Map version="2">
<Node type="enz_yed_timer" yEdID="n0">
<Width>0.5</Width>
<Length>0.5</Length>
<Name>0 s</Name>
<Ref>1</Ref>
</Node>
<Node type="enz_safe" yEdID="n1">
<Length>1.0</Length>
<Name>Safe-C1</Name>
<Ref>2</Ref>
</Node>
<Node type="enz_safe" yEdID="n2">
<Length>1.0</Length>
<Name>Safe-C2</Name>
<Ref>3</Ref>
</Node>
<Node type="enz_safe" yEdID="n3">
<Length>1.0</Length>
<Name>Safe-C3</Name>
<Ref>4</Ref>
</Node>
<Node type="enz_safe" yEdID="n4">
<Length>1.0</Length>
<Name>Safe-C4</Name>
<Ref>5</Ref>
</Node>
<Node type="enz_safe" yEdID="n5">
<Length>1.0</Length>
<Name>Safe-C5</Name>
<Ref>6</Ref>
</Node>
<Node type="enz_safe" yEdID="n6">
<Name>Safe-Foyer</Name>
<Ref>7</Ref>
</Node>
<Node type="enz_safe" yEdID="n7">
<Name>Safe-L1</Name>
<Ref>8</Ref>
</Node>

<Node type="enz_safe" yEdID="n8">
<Name>Safe-L2</Name>
<Ref>9</Ref>
</Node>
<Node type="enz_safe" yEdID="n9">
<Name>Safe-L3</Name>
<Ref>10</Ref>
</Node>
<Node yEdID="n10">
<Width>13.2</Width>
<Length>21.0</Length>
<Name>Cinema 1</Name>
<Ref>11</Ref>
</Node>
<Node yEdID="n11">
<Width>18.3</Width>
<Length>11.5</Length>
<Name>Cinema 2</Name>
<Ref>12</Ref>
</Node>
<Node yEdID="n12">
<Width>8.0</Width>
<Length>17.5</Length>
<Name>Cinema 3</Name>
<Ref>13</Ref>
</Node>
<Node yEdID="n13">
<Width>10.3</Width>
<Length>15.3</Length>
<Name>Cinema 4</Name>
<Ref>14</Ref>
</Node>
<Node yEdID="n14">
<Width>10.0</Width>
<Length>13.8</Length>
<Name>Cinema 5</Name>
<Ref>15</Ref>
</Node>
<Node yEdID="n15">
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<Width>5.6</Width>
<Length>22.5</Length>
<Name>Foyer</Name>
<Ref>16</Ref>
</Node>
<Node yEdID="n16">
<Width>8.0</Width>
<Length>17.5</Length>
<Name>Lobby</Name>
<Ref>17</Ref>
</Node>
<Connection yEdID="e0">
<NodeRef>13</NodeRef>
<NodeRef>16</NodeRef>
<Length>10.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
</ConnectionType>
<Name>Corridor C3 Path = 10.0m Door =
0.95m</Name>
</Connection>
<Connection yEdID="e1">
<NodeRef>12</NodeRef>
<NodeRef>16</NodeRef>
<Length>10.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
</ConnectionType>
<Name>Corridor C2 Path = 10.0m Door =
1.9m</Name>
</Connection>
<Connection yEdID="e2">
<NodeRef>17</NodeRef>
<NodeRef>10</NodeRef>
<Length>8.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
</ConnectionType>
<Name>Lobby Exit3 Path = 8.0m Door =
1.9m</Name>
</Connection>
<Connection yEdID="e3">
<NodeRef>17</NodeRef>
<NodeRef>8</NodeRef>
<Length>8.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
</ConnectionType>
<Name>Lobby Exit1 Path = 8.0m Door =
1.9m</Name>
</Connection>
<Connection yEdID="e4">
<NodeRef>16</NodeRef>
<NodeRef>17</NodeRef>

<Length>16.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>3.80</Width>
</ConnectionType>
<Name>Foyer Stair Path = 16.0m Width =
3.8m</Name>
</Connection>
<Connection yEdID="e5">
<NodeRef>15</NodeRef>
<NodeRef>16</NodeRef>
<Length>8.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
</ConnectionType>
<Name>Corridor C5 Path = 8.0m Door =
0.95m</Name>
</Connection>
<Connection yEdID="e6">
<NodeRef>14</NodeRef>
<NodeRef>16</NodeRef>
<Length>8.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
</ConnectionType>
<Name>Corridor C4 Path = 8.0m Door =
0.95m</Name>
</Connection>
<Connection yEdID="e7">
<NodeRef>16</NodeRef>
<NodeRef>7</NodeRef>
<Length>19.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
</ConnectionType>
<Name>Corridor Foyer Path = 19.0m</Name>
</Connection>
<Connection yEdID="e8">
<NodeRef>11</NodeRef>
<NodeRef>16</NodeRef>
<Length>13.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
</ConnectionType>
<Name>Corridor C1 Path = 13.0m Door =
1.9m</Name>
</Connection>
<Connection yEdID="e9">
<NodeRef>11</NodeRef>
<NodeRef>2</NodeRef>
<Length>0.1</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
</ConnectionType>
<Name>1.9m Door Path = 0.1m</Name>
</Connection>
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<Connection yEdID="e10">
<NodeRef>17</NodeRef>
<NodeRef>9</NodeRef>
<Length>8.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
</ConnectionType>
<Name>Lobby Exit2 Path = 8.0m Door =
1.9m</Name>
</Connection>
<Connection yEdID="e11">
<NodeRef>12</NodeRef>
<NodeRef>3</NodeRef>
<Length>0.1</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
</ConnectionType>
<Name>1.9m Door Path = 0.1m</Name>
</Connection>
<Connection yEdID="e12">
<NodeRef>13</NodeRef>
<NodeRef>4</NodeRef>
<Length>0.1</Length>
<ConnectionType xmlns="" type="enz_door">

<Width>0.95</Width>
</ConnectionType>
<Name>0.95m Door Path = 0.1m</Name>
</Connection>
<Connection yEdID="e13">
<NodeRef>15</NodeRef>
<NodeRef>6</NodeRef>
<Length>0.1</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
</ConnectionType>
<Name>0.95m Door Path = 0.1m</Name>
</Connection>
<Connection yEdID="e14">
<NodeRef>14</NodeRef>
<NodeRef>5</NodeRef>
<Length>0.1</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
</ConnectionType>
<Name>0.95m Door Path = 0.1m</Name>
</Connection>
</EvacuatioNZ_Map>

B.1.2 POPULATE File
<EvacuatioNZ_Populate version="2.00">

</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>117</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 1</Node>
<PersonType>
<Name>Adult-C1</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>101</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 2</Node>
<PersonType>
<Name>Adult-C2</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>39</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 1</Node>
<PersonType>
<Name>Adult-C1-Foyer</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>34</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 2</Node>
<PersonType>
<Name>Adult-Foyer</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>78</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 1</Node>
<PersonType>
<Name>Adult-C1-Lobby</Name>
<Probability>100</Probability>
</PersonType>

<PopulationDefinition log="enz_true">
<People>67</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 2</Node>
<PersonType>
<Name>Adult-Lobby</Name>
<Probability>100</Probability>
</PersonType>
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</PopulationDefinition>

<People>41</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 4</Node>
<PersonType>
<Name>Adult-Lobby</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>67</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 3</Node>
<PersonType>
<Name>Adult-C3</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>63</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 5</Node>
<PersonType>
<Name>Adult-C5</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>23</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 3</Node>
<PersonType>
<Name>Adult-Foyer</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>21</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 5</Node>
<PersonType>
<Name>Adult-Foyer</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>44</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 3</Node>
<PersonType>
<Name>Adult-Lobby</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>42</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 5</Node>
<PersonType>
<Name>Adult-Lobby</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>62</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 4</Node>
<PersonType>
<Name>Adult-C4</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>3</People>
<Node refstyle="enz_name"
type="enz_spread">Lobby</Node>
<PersonType>
<Name>Adult-Lobby</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>21</People>
<Node refstyle="enz_name"
type="enz_spread">Cinema 4</Node>
<PersonType>
<Name>Adult-Foyer</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

</EvacuatioNZ_Populate>

<PopulationDefinition log="enz_true">
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B.1.3 SCENARIO File
<Nodes
output="enz_true">%ROOT%\nodes.csv</Nod
es>
<Connections
output="enz_false">%ROOT%\connections.csv
</Connections>
<Actions
output="enz_false">%ROOT%\actions.csv</Act
ions>
<Occupants
output="enz_true">%ROOT%\occupants.htm</
Occupants>

<EvacuatioNZ_Scenario version="2.00">
<Simulations>1</Simulations>
<Files root=".\cinema-NR-data">
<!-- Specify input files -->
<Simulation>cinemaNR.graphml</Simulation>
<Map>cinema-NR.graphml</Map>
<Populate>cinema-NR.graphml</Populate>
<PersonType>cinemaNR.graphml</PersonType>

<LogPath
output="enz_false">%ROOT%\</LogPath>

<ExitBehaviour>cinemaNR.graphml</ExitBehaviour>
</Files>
<yEd diagramScale="enz_false">
<BaseMap output="enz_true">mapcinema-NR.xml</BaseMap>
</yEd>

<!-- Specify full set of output files -->
<PreEvacuation
output="enz_true">%ROOT%\pre_evac.csv</P
reEvacuation>
<Evacuation
output="enz_true">%ROOT%\evac.csv</Evacu
ation>

</EvacuatioNZ_Scenario>

B.1.4 EXIT BEHAVIOR File
<EvacuatioNZ_ExitBehaviour
version="2.00">

<ExitBehaviourDefinition>
<Name>Exit-Foyer</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node refstyle="enz_name">SafeFoyer</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-Lobby</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>33</Probability>
<Node refstyle="enz_name">SafeL1</Node>
</ExitBehaviourType>

<ExitBehaviourDefinition>
<Name>Exit-C1</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node refstyle="enz_name">SafeC1</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>33</Probability>
<Node refstyle="enz_name">SafeL2</Node>
</ExitBehaviourType>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>34</Probability>
<Node refstyle="enz_name">SafeL3</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-C2</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
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<Node refstyle="enz_name">SafeC2</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<Probability>100</Probability>
<Node refstyle="enz_name">SafeC4</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-C3</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node refstyle="enz_name">SafeC3</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-C5</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node refstyle="enz_name">SafeC5</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-C4</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">

</EvacuatioNZ_ExitBehaviour>

B.1.5 PERSON TYPE File
<EvacuatioNZ_PersonType
version="2.00">

<Distribution type="enz_fixed">
<Value>0</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-Foyer</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-C1-Foyer</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>0</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-Lobby</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitLobby</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-C1-Lobby</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitLobby</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>0</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-C1</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitC1</ExitBehaviour>
<PreEvacuation
type="enz_distribution">

<PersonTypeDefinition>
<Name>Adult-C2</Name>
<Speed>1.1900</Speed>
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<ExitBehaviour>ExitC2</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<ExitBehaviour>ExitC4</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-C3</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitC3</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-C5</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitC5</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-C4</Name>
<Speed>1.1900</Speed>

</EvacuatioNZ_PersonType>

B.1.6 SIMULATION File
<EvacuatioNZ_Simulation version="2.00">
</EvacuatioNZ_Simulation>
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B.2 Four-Storey Office Building
B.2.1 MAP File
<EvacuatioNZ_Map version="2">
<Node yEdID="n8">
<Length>12.0</Length>
<Width>26.5</Width>
<Name>Office - 2nd Level</Name>
<Ref>9</Ref>
</Node>

<Node type="enz_safe" yEdID="n0">
<Name>Safe</Name>
<Ref>1</Ref>
</Node>
<Node type="enz_yed_timer" yEdID="n1">
<Length>0.5</Length>
<Width>0.5</Width>
<Name>0 s</Name>
<Ref>2</Ref>
</Node>

<Node yEdID="n9">
<Length>12.0</Length>
<Width>26.5</Width>
<Name>Office - 3rd Level</Name>
<Ref>10</Ref>
</Node>

<Node yEdID="n2">
<Length>1.2</Length>
<Width>5.2</Width>
<Name>Corridor 1st Level</Name>
<Ref>3</Ref>
</Node>

<Node yEdID="n10">
<Length>12.0</Length>
<Width>26.5</Width>
<Name>Office - Ground Level</Name>
<Ref>11</Ref>
</Node>

<Node yEdID="n3">
<Length>1.2</Length>
<Width>5.2</Width>
<Name>Corridor 2nd Level</Name>
<Ref>4</Ref>
</Node>

<Node yEdID="n11">
<Length>2.4</Length>
<Width>5.2</Width>
<Name>Staircase - 1st Level</Name>
<Ref>12</Ref>
</Node>

<Node yEdID="n4">
<Length>1.2</Length>
<Width>5.2</Width>
<Name>Corridor 3rd Level</Name>
<Ref>5</Ref>
</Node>

<Node yEdID="n12">
<Length>2.4</Length>
<Width>5.2</Width>
<Name>Staircase - 2nd Level</Name>
<Ref>13</Ref>
</Node>

<Node yEdID="n5">
<Length>8.0</Length>
<Width>4.8</Width>
<Name>Exit Lobby</Name>
<Ref>6</Ref>
</Node>

<Node yEdID="n13">
<Length>2.4</Length>
<Width>5.2</Width>
<Name>Staircase - 3rd Level</Name>
<Ref>14</Ref>
</Node>

<Node yEdID="n6">
<Length>2.1</Length>
<Width>5.2</Width>
<Name>Lobby Grd Level</Name>
<Ref>7</Ref>
</Node>

<Connection yEdID="e0">
<NodeRef>9</NodeRef>
<NodeRef>4</NodeRef>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Length>0.2</Length>
<Name>0.95m Door Path = 0.2m</Name>
</Connection>

<Node yEdID="n7">
<Length>12.0</Length>
<Width>26.5</Width>
<Name>Office - 1st Level</Name>
<Ref>8</Ref>
</Node>

<Connection yEdID="e1">
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<NodeRef>4</NodeRef>
<NodeRef>13</NodeRef>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Length>4.5</Length>
<Name>0.95m Door Path = 4.5m</Name>
</Connection>

</ConnectionType>
<Length>6.3</Length>
<Name>0.95m Door Path = 4.5m</Name>
</Connection>
<Connection yEdID="e7">
<NodeRef>10</NodeRef>
<NodeRef>5</NodeRef>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Length>0.2</Length>
<Name>0.95m Door Path = 0.2m</Name>
</Connection>

<Connection yEdID="e2">
<NodeRef>6</NodeRef>
<NodeRef>1</NodeRef>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Length>0.1</Length>
<Name>0.95m Door Path = 0.1m</Name>
</Connection>

<Connection yEdID="e8">
<NodeRef>5</NodeRef>
<NodeRef>14</NodeRef>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Length>4.5</Length>
<Name>0.95m Door Path = 4.5m</Name>
</Connection>

<Connection yEdID="e3">
<NodeRef>8</NodeRef>
<NodeRef>3</NodeRef>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Length>0.2</Length>
<Name>0.95m Door Path = 0.2m</Name>
</Connection>

<Connection yEdID="e9">
<NodeRef>14</NodeRef>
<NodeRef>13</NodeRef>
<ConnectionType xmlns="" type="enz_stairs">
<Tread>0.33</Tread>
<Riser>0.165</Riser>
</ConnectionType>
<Length>10.2</Length>
<Name>0.33m Tread 0.165m Riser Path =
10.2m</Name>
</Connection>

<Connection yEdID="e4">
<NodeRef>3</NodeRef>
<NodeRef>12</NodeRef>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Length>4.5</Length>
<Name>0.95m Door Path = 4.5m</Name>
</Connection>

<Connection yEdID="e10">
<NodeRef>13</NodeRef>
<NodeRef>12</NodeRef>
<ConnectionType xmlns="" type="enz_stairs">
<Tread>0.33</Tread>
<Riser>0.165</Riser>
</ConnectionType>
<Length>10.2</Length>
<Name>0.33m Tread 0.165m Riser Path =
10.2m</Name>
</Connection>

<Connection yEdID="e5">
<NodeRef>11</NodeRef>
<NodeRef>7</NodeRef>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Length>0.2</Length>
<Name>0.95m Door Path = 0.2m</Name>
</Connection>

<Connection yEdID="e11">
<NodeRef>12</NodeRef>
<NodeRef>6</NodeRef>
<ConnectionType xmlns="" type="enz_stairs">
<Tread>0.33</Tread>
<Riser>0.165</Riser>
</ConnectionType>
<Length>10.2</Length>

<Connection yEdID="e6">
<NodeRef>7</NodeRef>
<NodeRef>6</NodeRef>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
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<Name>0.33m Tread 0.165m Riser Path =
10.2m</Name>
</Connection>

</EvacuatioNZ_Map>

B.2.2 POPULATE File
<EvacuatioNZ_Populate version="2.00">

<Node refstyle="enz_name"
type="enz_spread">Office - 1st Level</Node>
<PersonType>
<Name>Adult-Fire</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition>
<People>29</People>
<Node refstyle="enz_name"
type="enz_spread">Office - 3rd Level</Node>
<PersonType>
<Name>Adult-All</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition>
<People>27</People>
<Node refstyle="enz_name"
type="enz_spread">Office - Ground
Level</Node>
<PersonType>
<Name>Adult-All</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition>
<People>29</People>
<Node refstyle="enz_name"
type="enz_spread">Office - 2nd Level</Node>
<PersonType>
<Name>Adult-All</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>
<PopulationDefinition>
<People>29</People>

</EvacuatioNZ_Populate>

B.2.3 SCENARIO Files
<EvacuatioNZ_Scenario version="2.00">

<Connections
output="enz_false">%ROOT%\connections.csv
</Connections>
<Actions
output="enz_false">%ROOT%\actions.csv</Act
ions>
<Occupants
output="enz_true">%ROOT%\occupants.htm</
Occupants>

<Simulations>1</Simulations>
<Files root=".\office-most-data">
<!-- Specify input files -->
<Simulation>officemost.graphml</Simulation>
<Map>office-most.graphml</Map>
<Populate>office-most.graphml</Populate>
<PersonType>officemost.graphml</PersonType>

<LogPath
output="enz_false">%ROOT%\</LogPath>

</Files>
<!-- Specify full set of output files -->
<PreEvacuation
output="enz_false">%ROOT%\pre_evac.csv</
PreEvacuation>
<Evacuation
output="enz_true">%ROOT%\evac.csv</Evacu
ation>
<Nodes
output="enz_true">%ROOT%\nodes.csv</Nod
es>

<yEd diagramScale="enz_false">
<BaseMap output="enz_true">map-officemost.xml</BaseMap>
</yEd>
</EvacuatioNZ_Scenario>
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B.2.4 EXIT BEHAVIOR File
<EvacuatioNZ_ExitBehaviour version="2.00">
</EvacuatioNZ_ExitBehaviour>

B.2.5 PERSON File
<EvacuatioNZ_PersonType
version="2.00">

<PersonTypeDefinition>
<Name>Adult-Fire</Name>
<Speed>1.1900</Speed>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>30</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-All</Name>
<Speed>1.1900</Speed>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

</EvacuatioNZ_PersonType>

B.2.6 SIMULATION Files
<EvacuatioNZ_Simulation version="2.00">
</EvacuatioNZ_Simulation>
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B.3 Two-Storey Restaurant
B.3.1 MAP File
<EvacuatioNZ_Map version="2">
<Node type="enz_safe" yEdID="n8">
<Length>1.0</Length>
<Name>Safe-3</Name>
<Ref>9</Ref>
</Node>

<Node type="enz_yed_timer" yEdID="n0">
<Width>0.5</Width>
<Length>0.5</Length>
<Name>0 s</Name>
<Ref>1</Ref>
</Node>

<Node type="enz_safe" yEdID="n9">
<Length>1.0</Length>
<Name>Safe-5</Name>
<Ref>10</Ref>
</Node>

<Node yEdID="n1">
<Width>7.6</Width>
<Length>15.6</Length>
<Name>Lower Restaurant</Name>
<Ref>2</Ref>
</Node>

<Node type="enz_safe" yEdID="n10">
<Length>1.0</Length>
<Name>Safe-4</Name>
<Ref>11</Ref>
</Node>

<Node yEdID="n2">
<Width>15.4</Width>
<Length>20.6</Length>
<Name>Upper Restaurant</Name>
<Ref>3</Ref>
</Node>

<Connection yEdID="e0">
<NodeRef>2</NodeRef>
<NodeRef>7</NodeRef>
<Length>0.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>0.95m Door Path = 0.2m</Name>
</Connection>

<Node yEdID="n3">
<Width>12.1</Width>
<Length>11.4</Length>
<Name>Kitchen</Name>
<Ref>4</Ref>
</Node>
<Node yEdID="n4">
<Width>3.0</Width>
<Length>2.4</Length>
<Name>Office G08</Name>
<Ref>5</Ref>
</Node>

<Connection yEdID="e1">
<NodeRef>4</NodeRef>
<NodeRef>9</NodeRef>
<Length>0.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>0.95m Door Path = 0.2m</Name>
</Connection>

<Node yEdID="n5">
<Width>2.6</Width>
<Length>4.8</Length>
<Name>Staircase</Name>
<Ref>6</Ref>
</Node>

<Connection yEdID="e2">
<NodeRef>5</NodeRef>
<NodeRef>9</NodeRef>
<Length>11.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>0.95m Door Path = 11.0m</Name>
</Connection>

<Node type="enz_safe" yEdID="n6">
<Length>1.0</Length>
<Name>Safe-1</Name>
<Ref>7</Ref>
</Node>
<Node type="enz_safe" yEdID="n7">
<Length>1.0</Length>
<Name>Safe-2</Name>
<Ref>8</Ref>
</Node>

<Connection yEdID="e3">
<NodeRef>3</NodeRef>
<NodeRef>11</NodeRef>
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<Length>0.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>0.95m Door Path = 0.2m</Name>
</Connection>

<ConnectionType xmlns="" type="enz_door">
<Width>1.1</Width>
</ConnectionType>
<Name>1.1m Door Path = 0.2m</Name>
</Connection>
<Connection yEdID="e6">
<NodeRef>6</NodeRef>
<NodeRef>10</NodeRef>
<Length>15.2</Length>
<ConnectionType xmlns="" type="enz_stairs">
<Tread>0.28</Tread>
<Riser>0.19</Riser>
</ConnectionType>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>0.28m Tread & 0.19m Riser Path =
15.2m 0.95m Door</Name>
</Connection>

<Connection yEdID="e4">
<NodeRef>2</NodeRef>
<NodeRef>8</NodeRef>
<Length>0.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>0.95m Door Path = 0.2m</Name>
</Connection>
<Connection yEdID="e5">
<NodeRef>3</NodeRef>
<NodeRef>6</NodeRef>
<Length>0.2</Length>

</EvacuatioNZ_Map>

B.3.2 POPULATE File
<EvacuatioNZ_Populate version="2.00">

<PopulationDefinition log="enz_true">
<People>30</People>
<Node refstyle="enz_name"
type="enz_spread">Lower Restaurant</Node>
<PersonType>
<Name>Adult-S2</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>14</People>
<Node refstyle="enz_name"
type="enz_spread">Kitchen</Node>
<PersonType>
<Name>Staff-Kitchen</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>58</People>
<Node refstyle="enz_name"
type="enz_spread">Upper Restaurant</Node>
<PersonType>
<Name>Adult-S4</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>1</People>
<Node refstyle="enz_name"
type="enz_spread">Office G08</Node>
<PersonType>
<Name>Staff-Office</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>58</People>
<Node refstyle="enz_name"
type="enz_spread">Upper Restaurant</Node>
<PersonType>
<Name>Adult-S5</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>30</People>
<Node refstyle="enz_name"
type="enz_spread">Lower Restaurant</Node>
<PersonType>
<Name>Adult-S1</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

</EvacuatioNZ_Populate>
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B.3.3 SCENARIO Files
<EvacuatioNZ_Scenario version="2.00">

<Nodes
output="enz_true">%ROOT%\nodes.csv</Nod
es>
<Connections
output="enz_false">%ROOT%\connections.csv
</Connections>
<Actions
output="enz_false">%ROOT%\actions.csv</Act
ions>
<Occupants
output="enz_true">%ROOT%\occupants.htm</
Occupants>

<Simulations>1</Simulations>
<Files root=".\restaurant-GF-adult-data">
<!-- Specify input files -->
<Simulation>restaurant-GFadult.graphml</Simulation>
<Map>restaurant-GF-adult.graphml</Map>
<Populate>restaurant-GFadult.graphml</Populate>
<PersonType>restaurant-GFadult.graphml</PersonType>

<LogPath
output="enz_false">%ROOT%\</LogPath>

<ExitBehaviour>restaurant-GFadult.graphml</ExitBehaviour>

</Files>
<yEd diagramScale="enz_false">
<BaseMap output="enz_true">maprestaurant-GF-adult.xml</BaseMap>
</yEd>

<!-- Specify full set of output files -->
<PreEvacuation
output="enz_true">%ROOT%\pre_evac.csv</P
reEvacuation>
<Evacuation
output="enz_true">%ROOT%\evac.csv</Evacu
ation>

</EvacuatioNZ_Scenario>

B.3.4 EXIT BEHAVIOR File
<EvacuatioNZ_ExitBehaviour
version="2.00">

<ExitBehaviourDefinition>
<Name>Exit-S2</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node refstyle="enz_name">Safe2</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-Kitchen</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node refstyle="enz_name">Safe3</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-S4</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node refstyle="enz_name">Safe4</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-S1</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node refstyle="enz_name">Safe1</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-S5</Name>
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<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node refstyle="enz_name">Safe5</Node>
</ExitBehaviourType>

</ExitBehaviourDefinition>

</EvacuatioNZ_ExitBehaviour>

B.3.5 PERSON File
<EvacuatioNZ_PersonType
version="2.00">

</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Staff-Office</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitKitchen</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-S4</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>Exit-S4</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Staff-Kitchen</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitKitchen</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>30</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-S5</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>Exit-S5</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>
<PersonTypeDefinition>
<Name>Child-S4</Name>
<Speed>0.84</Speed>
<ExitBehaviour>Exit-S4</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Adult-S1</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>Exit-S1</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>30</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Child-S5</Name>
<Speed>0.88</Speed>
<ExitBehaviour>Exit-S5</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>

<PersonTypeDefinition>
<Name>Adult-S2</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>Exit-S2</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>30</Value>
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</PreEvacuation>
</PersonTypeDefinition>

</EvacuatioNZ_PersonType>

B.3.6 SIMULATION Files
<EvacuatioNZ_Simulation version="2.00">
</EvacuatioNZ_Simulation>
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B.4 Sport and Recreation Centre
B.4.1 MAP File
<EvacuatioNZ_Map version="2">

<Name>Foyer - Upper</Name>
<Ref>9</Ref>
</Node>

<Node type="enz_safe" yEdID="n0">
<Length>1.0</Length>
<Name>StairExit1</Name>
<Ref>1</Ref>
</Node>

<Node yEdID="n9">
<Width>2.5</Width>
<Length>23.8</Length>
<Name>Foyer - Middle</Name>
<Ref>10</Ref>
</Node>

<Node type="enz_safe" yEdID="n1">
<Length>1.0</Length>
<Name>StadiumExit3</Name>
<Ref>2</Ref>
</Node>

<Node yEdID="n10">
<Width>5.6</Width>
<Length>12.5</Length>
<Name>Foyer - Bottom</Name>
<Ref>11</Ref>
</Node>

<Node yEdID="n2">
<Width>2.6</Width>
<Length>4.8</Length>
<Name>Referee Rm</Name>
<Ref>3</Ref>
</Node>

<Node yEdID="n11">
<Width>4.8</Width>
<Length>3.3</Length>
<Name>Childcare</Name>
<Ref>12</Ref>
</Node>

<Node type="enz_safe" yEdID="n3">
<Length>1.0</Length>
<Name>LoungeExit2</Name>
<Ref>4</Ref>
</Node>

<Node type="enz_yed_timer" yEdID="n12">
<Width>0.5</Width>
<Length>0.5</Length>
<Name>0 s</Name>
<Ref>13</Ref>
</Node>

<Node type="enz_safe" yEdID="n4">
<Length>1.0</Length>
<Name>LoungeExit1</Name>
<Ref>5</Ref>
</Node>

<Node yEdID="n13">
<Width>22.6</Width>
<Length>40.0</Length>
<Name>Stadium</Name>
<Ref>14</Ref>
</Node>

<Node yEdID="n5">
<Width>6.5</Width>
<Length>12.2</Length>
<Name>Gymnasium</Name>
<Ref>6</Ref>
</Node>

<Node yEdID="n14">
<Width>4.0</Width>
<Length>40.0</Length>
<Name>Mezzanine</Name>
<Ref>15</Ref>
</Node>

<Node type="enz_safe" yEdID="n6">
<Length>1.0</Length>
<Name>FunctionExit3</Name>
<Ref>7</Ref>
</Node>
<Node type="enz_safe" yEdID="n7">
<Length>1.0</Length>
<Name>FunctionExit2</Name>
<Ref>8</Ref>
</Node>

<Node yEdID="n15">
<Width>9.7</Width>
<Length>22.0</Length>
<Name>Lounge</Name>
<Ref>16</Ref>
</Node>

<Node yEdID="n8">
<Width>2.5</Width>
<Length>16.5</Length>

<Node yEdID="n16">
<Width>17.4</Width>
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<Length>21.3</Length>
<Name>Function Room</Name>
<Ref>17</Ref>
</Node>

</ConnectionType>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>1.0m Stairway 0.95m Door Path =
9.2m</Name>
</Connection>

<Node type="enz_safe" yEdID="n17">
<Length>1.0</Length>
<Name>FoyerExit2</Name>
<Ref>18</Ref>
</Node>

<Connection yEdID="e4">
<NodeRef>16</NodeRef>
<NodeRef>4</NodeRef>
<Length>0.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
<SpecificFlow>1.042</SpecificFlow>
</ConnectionType>
<Name>1.9m Door Path = 0.2m</Name>
</Connection>

<Node type="enz_safe" yEdID="n18">
<Length>1.0</Length>
<Name>FoyerExit1</Name>
<Ref>19</Ref>
</Node>
<Connection yEdID="e0">
<NodeRef>9</NodeRef>
<NodeRef>19</NodeRef>
<Length>4.3</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
<SpecificFlow>1.042</SpecificFlow>
</ConnectionType>
<Name>1.9m Door Path = 4.3m</Name>
</Connection>

<Connection yEdID="e5">
<NodeRef>17</NodeRef>
<NodeRef>8</NodeRef>
<Length>0.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
<SpecificFlow>1.042</SpecificFlow>
</ConnectionType>
<Name>1.9m Door Path = 0.2m</Name>
</Connection>

<Connection yEdID="e1">
<NodeRef>16</NodeRef>
<NodeRef>5</NodeRef>
<Length>0.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
<SpecificFlow>1.042</SpecificFlow>
</ConnectionType>
<Name>1.9m Door Path = 0.2m</Name>
</Connection>

<Connection yEdID="e6">
<NodeRef>17</NodeRef>
<NodeRef>11</NodeRef>
<Length>10.4</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
<SpecificFlow>1.042</SpecificFlow>
</ConnectionType>
<Name>1.9m Door Path = 10.4m</Name>
</Connection>

<Connection yEdID="e2">
<NodeRef>17</NodeRef>
<NodeRef>7</NodeRef>
<Length>0.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
<SpecificFlow>1.042</SpecificFlow>
</ConnectionType>
<Name>1.9m Door Path = 0.2m</Name>
</Connection>

<Connection yEdID="e7">
<NodeRef>3</NodeRef>
<NodeRef>9</NodeRef>
<Length>10.4</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>0.95m Door Path = 10.4m</Name>
</Connection>

<Connection yEdID="e3">
<NodeRef>15</NodeRef>
<NodeRef>1</NodeRef>
<Length>9.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.0</Width>
</ConnectionType>
<ConnectionType xmlns="" type="enz_stairs">
<Tread>0.254</Tread>
<Riser>0.19</Riser>

<Connection yEdID="e8">
<NodeRef>10</NodeRef>
<NodeRef>11</NodeRef>
<Length>17.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>2.5</Width>
</ConnectionType>
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<Name>2.5m Corridor Path = 17.2m</Name>
</Connection>

<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
<SpecificFlow>1.042</SpecificFlow>
</ConnectionType>
<Name>1.9m Door Path = 12.5m</Name>
</Connection>

<Connection yEdID="e9">
<NodeRef>10</NodeRef>
<NodeRef>9</NodeRef>
<Length>11.9</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>2.5</Width>
</ConnectionType>
<Name>2.5m Corridor Path = 11.9m</Name>
</Connection>

<Connection yEdID="e14">
<NodeRef>14</NodeRef>
<NodeRef>11</NodeRef>
<Length>7.0</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
<SpecificFlow>1.042</SpecificFlow>
</ConnectionType>
<Name>1.9m Door Path = 7.0m</Name>
</Connection>

<Connection yEdID="e10">
<NodeRef>6</NodeRef>
<NodeRef>10</NodeRef>
<Length>6.4</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>0.95m Door Path = 6.4m</Name>
</Connection>

<Connection yEdID="e15">
<NodeRef>15</NodeRef>
<NodeRef>11</NodeRef>
<Length>9.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.0</Width>
</ConnectionType>
<ConnectionType xmlns="" type="enz_stairs">
<Tread>0.254</Tread>
<Riser>0.19</Riser>
</ConnectionType>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>1.0m Stairway 0.95m Door Path =
9.2m</Name>
</Connection>

<Connection yEdID="e11">
<NodeRef>12</NodeRef>
<NodeRef>10</NodeRef>
<Length>10.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>0.95</Width>
<SpecificFlow>1.282</SpecificFlow>
</ConnectionType>
<Name>0.95m Door Path = 10.2m</Name>
</Connection>
<Connection yEdID="e12">
<NodeRef>14</NodeRef>
<NodeRef>2</NodeRef>
<Length>0.2</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
<SpecificFlow>1.042</SpecificFlow>
</ConnectionType>
<Name>1.9m Door Path = 0.2m</Name>
</Connection>

<Connection yEdID="e16">
<NodeRef>11</NodeRef>
<NodeRef>18</NodeRef>
<Length>11.3</Length>
<ConnectionType xmlns="" type="enz_door">
<Width>1.90</Width>
<SpecificFlow>1.042</SpecificFlow>
</ConnectionType>
<Name>1.9m Door Path = 11.3m</Name>
</Connection>

<Connection yEdID="e13">
<NodeRef>14</NodeRef>
<NodeRef>9</NodeRef>
<Length>12.5</Length>

</EvacuatioNZ_Map>

B.4.2 POPULATE File
<EvacuatioNZ_Populate version="2.00">

<Node refstyle="enz_name"
type="enz_spread">Mezzanine</Node>
<PersonType>
<Name>Interfloor_Gp1</Name>
<Probability>100</Probability>

<PopulationDefinition log="enz_true">
<People>50</People>

B-19

</PersonType>
</PopulationDefinition>

</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>25</People>
<Node refstyle="enz_name"
type="enz_spread">Mezzanine</Node>
<PersonType>
<Name>Interfloor_Gp2</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>15</People>
<Node refstyle="enz_name"
type="enz_spread">Gymnasium</Node>
<PersonType>
<Name>Gym_Gp1</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>25</People>
<Node refstyle="enz_name"
type="enz_spread">Mezzanine</Node>
<PersonType>
<Name>Interfloor_Gp3</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>15</People>
<Node refstyle="enz_name"
type="enz_spread">Gymnasium</Node>
<PersonType>
<Name>Gym_Gp2</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>104</People>
<Node refstyle="enz_name"
type="enz_spread">Stadium</Node>
<PersonType>
<Name>Stadium_Gp1</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>4</People>
<Node refstyle="enz_name"
type="enz_spread">Childcare</Node>
<PersonType>
<Name>Childcare_Gp1</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>103</People>
<Node refstyle="enz_name"
type="enz_spread">Stadium</Node>
<PersonType>
<Name>Stadium_Gp2</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>3</People>
<Node refstyle="enz_name"
type="enz_spread">Childcare</Node>
<PersonType>
<Name>Childcare_Gp2</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>103</People>
<Node refstyle="enz_name"
type="enz_spread">Stadium</Node>
<PersonType>
<Name>Stadium_Gp3</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>4</People>
<Node refstyle="enz_name"
type="enz_spread">Foyer - Bottom</Node>
<PersonType>
<Name>Manager</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>2</People>
<Node refstyle="enz_name"
type="enz_spread">Referee Rm</Node>
<PersonType>
<Name>Referee</Name>
<Probability>100</Probability>

<PopulationDefinition log="enz_true">
<People>51</People>
<Node refstyle="enz_name"
type="enz_spread">Function Room</Node>
<PersonType>
<Name>Function_Gp1</Name>
<Probability>100</Probability>
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</PersonType>
</PopulationDefinition>

<Name>Function_Gp3</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>50</People>
<Node refstyle="enz_name"
type="enz_spread">Function Room</Node>
<PersonType>
<Name>Function_Gp4</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>119</People>
<Node refstyle="enz_name"
type="enz_spread">Lounge</Node>
<PersonType>
<Name>Lounge_Gp1</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>104</People>
<Node refstyle="enz_name"
type="enz_spread">Function Room</Node>
<PersonType>
<Name>Function_Gp2</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>119</People>
<Node refstyle="enz_name"
type="enz_spread">Lounge</Node>
<PersonType>
<Name>Lounge_Gp2</Name>
<Probability>100</Probability>
</PersonType>
</PopulationDefinition>

<PopulationDefinition log="enz_true">
<People>100</People>
<Node refstyle="enz_name"
type="enz_spread">Function Room</Node>
<PersonType>

</EvacuatioNZ_Populate>

B.4.3 SCENARIO Files
<EvacuatioNZ_Scenario version="2.00">

<Nodes
output="enz_true">%ROOT%\nodes.csv</No
des>
<Connections
output="enz_false">%ROOT%\connections.c
sv</Connections>
<Actions
output="enz_false">%ROOT%\actions.csv</A
ctions>
<Occupants
output="enz_true">%ROOT%\occupants.htm
</Occupants>

<Simulations>1</Simulations>
<Files root=".\sport-function-data">
<!-- Specify input files -->
<Simulation>sportfunction.graphml</Simulation>
<Map>sport-function.graphml</Map>
<Populate>sportfunction.graphml</Populate>
<PersonType>sportfunction.graphml</PersonType>

<LogPath
output="enz_false">%ROOT%\</LogPath>

<ExitBehaviour>sportfunction.graphml</ExitBehaviour>
</Files>
<yEd diagramScale="enz_false">
<BaseMap output="enz_true">mapsport-function.xml</BaseMap>
</yEd>

<!-- Specify full set of output files -->
<PreEvacuation
output="enz_true">%ROOT%\pre_evac.csv</
PreEvacuation>
<Evacuation
output="enz_true">%ROOT%\evac.csv</Eva
cuation>

</EvacuatioNZ_Scenario>
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B.4.4 EXIT BEHAVIOR File
<EvacuatioNZ_ExitBehaviour
version="2.00">

<ExitBehaviourDefinition>
<Name>Exit-Function2</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node
refstyle="enz_name">FunctionExit2</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-Foyer1</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node
refstyle="enz_name">FoyerExit1</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-Function3</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node
refstyle="enz_name">FunctionExit3</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-Foyer2</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node
refstyle="enz_name">FoyerExit2</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-Lounge1</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node
refstyle="enz_name">LoungeExit1</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-Stadium3</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node
refstyle="enz_name">StadiumExit3</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-Lounge2</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node
refstyle="enz_name">LoungeExit2</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

<ExitBehaviourDefinition>
<Name>Exit-Stair1</Name>
<ExitBehaviourType
type="enz_min_distance_to_specified">
<Probability>100</Probability>
<Node
refstyle="enz_name">StairExit1</Node>
</ExitBehaviourType>
</ExitBehaviourDefinition>

</EvacuatioNZ_ExitBehaviour>

B.4.5 PERSON File
<EvacuatioNZ_PersonType
version="2.00">

<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Interfloor_Gp1</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitStair1</ExitBehaviour>
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<PersonTypeDefinition>
<Name>Interfloor_Gp2</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer1</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>
<PersonTypeDefinition>
<Name>Referee</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer1</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Interfloor_Gp3</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer2</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Gym_Gp1</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer1</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Stadium_Gp1</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer1</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Gym_Gp2</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer2</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Stadium_Gp2</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer2</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Childcare_Gp1</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer1</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Stadium_Gp3</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitStadium3</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">

<PersonTypeDefinition>
<Name>Childcare_Gp2</Name>
<Speed>1.1900</Speed>
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<ExitBehaviour>ExitFoyer2</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<ExitBehaviour>ExitFunction2</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>30</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Manager</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer2</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Function_Gp3</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFunction3</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>30</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Function_Gp1</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer1</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>30</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Lounge_Gp1</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitLounge1</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Function_Gp4</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitFoyer2</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>30</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Lounge_Gp2</Name>
<Speed>1.1900</Speed>
<ExitBehaviour>ExitLounge2</ExitBehaviour>
<PreEvacuation
type="enz_distribution">
<Distribution type="enz_fixed">
<Value>60</Value>
</Distribution>
</PreEvacuation>
</PersonTypeDefinition>

<PersonTypeDefinition>
<Name>Function_Gp2</Name>
<Speed>1.1900</Speed>

</EvacuatioNZ_PersonType>

B.4.6 SIMULATION Files
<EvacuatioNZ_Simulation version="2.00">
</EvacuatioNZ_Simulation>
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